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ABSTRACT 


The Flat-Plate Solar Array (FSA) Project at Jet Propulsion 
Laboratory (JPL) in Pasadena, California, is sponsored by the 
U. S. Department of Energy and forms part of the Solar Photo- 
voltaic Conversion Program to initiate a major effort toward the 
development of low-cost solar arrays. In this program for silicon 
production process evaluations, the goals are to perform chemical 
engineering and cost analyses for the processes under consideration 
for the production of silicon at lower cost. 

Chemical engineering analyses involviaig the preliminary 
process design of a plant (1,000 metric tons/year capacity) to 
produce silicon via the technology under consideration were 
accomplished for the following processes: 

. HSC Process for Silicon - Case A 
. HSC Process for Silicon - Case B 

Major activities in the chemical engineering analyses included 
base case conditions, reaction chemistry, process flowsheet, 
fliaterial balance, energy balance, property data, equipment design, 
major equipment list, production labor and forward for economic 
analysis. The process design package provided detailed data for 
raw materials, utilities, major process equipment and production 
labor requirements necessary for polysilicon production in each 
process. 

In Case A of the HSC process (Hemlock Semiconductor Corporation), 
the feed to the redistribution reactor is comprised of the bottom 
stream from the third distillation unit. In Case B, the redistribu- 
tion reactor feed is composed of the distillate stream from the 
second distillation unit. 

Using detailed data from the process design package, cost 
analyses for a 1,000 metric tons/year silicon plant were accomplished 
for the processes under consideration. Primary results issuing from 
the cost analyses included plant capital investment and product cost 
which are useful in identification of those processes showing promise 
for producing silicon at lower cost. 

Cost and profitability results issuing from the chemical engineer- 
ing and cost analyses are summarized below: 



Product 

Cost 

Sales Price, 



$/kg of 
1980 

si licon 
1982 

$/kg of silicon 
1982 


Process 

dollars 

dollars 

dollars 


HSC Process for 
Silicon - Case A 

22.65 

26.46 

32.47 @ lOZ 

DCF 

HSC Process for 
Silicon - Case B 

22.62 

26.43 

32.33 0 lOX 

DCF 
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For the euiMry tabulatioa, the product cost represents all cost 
associated with producing silicon including direct sMnufacturing 
cost, indirect uanufacturing cost, plant overhead and general 
expenses. The sales price includes a profit for the congiany 
Measured in terns of DCF (discounted cash flow) rate of return 
after taxes on the capital investnent that the conpany spent in 
going into the business. 

These cost and profitability results for both Cases A and B 
of the HSC process indicate that this new technology shows pronise 
for producing silicon at appreciable lower cost and conprises an 
alternate process capable of providing a less costly silicon 
material for solar cells. 
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INTRODUCTION 


The Flat-Plate Solar Array (FSA) Project at Jet Propulsion 
Laboratory (JPL) in Pasadena » California, is sponsored by the 
Department of Energy (DOE); and forms part of the Photovoltaic 
Energy Systems Program to initiate a major effort toward the 
development of low-cost solar arrays. An important overall 
objective of the project is to reduce the cost of electricity 
produced with solar cells. 

Semiconductor grade silicon which is currently produced 
via the conventional Siemens process by major manufacturers in 
the United States is too expensive to meet the silicon material 
cost goals for low cost electricity from solar cells. Lower 
cost silicon is needed for solar cells. Alternate processus that 
depart from the conventional process need to be developed to 
produce a less costly silicon material. 

Process evaluation - which is a very useful tool in research 
and development - is useful in in%*estigation of such alternate 
processes for silicon. The planning and implementation of a 
research and development program involves decision making <m what 
work can be left out with least jeopardy to short and long term 
consequences and what work should be pursued with the best chance 
for success in achieving short and long term goals. Early process 
evaluation investigation including preliminary economic evaluation 
aids the decision-making involved in whether to conmit extra funds 
to carry out a project from research to large scale plant. 

The early study particularly minimises the risks involved in 
the process development from early research to large scale plant. 

The process evaluation investigation should be initi cited with the 
very inception of the research project and continued throughout 
its life until the project is proved successful or abandoned because 
it cannot effectively meet the financial and product purity goals. 

In research and development, a screening out is required for 
those projects and processes which are believed to be unsounu or 
least attractive. Economics dictate that the money should not be 
wasted on projects which may turn out to be useless. The many 
alternate projects and processes which are available necessitate 
the effective use of a screening procedure, not to locate a fool- 
proof venture, but to try to select the best possible project. 

Process evaluation investigation may effectively deal with 
a complete process or part of a process. Major cost area^ of a 
process and profitability potential of a proposed process may be 
pinpointed. It is also equally valuable in comparing alternate 
processes and in the selection of processes with the bert technical 
and economic features. 
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A typical sequence for process selection is presented in 
Figure 1-1. The process evaluation activities are shown in 
relation to their usefulness in the selection of a process for 
scale-up to pilot plant and large scale plant. These process 
evaluation activities (system properties, chemical engineering 
and economic analysis tasks) may be effectively utilized in the 
investigation of alternate processes for low cost, high volume 
production of silicon suitable for solar cells. 

In this program for silicon production process evaluations, 
the goals are to perform chemical engineering studies and analyses 
for the processes under consideration for the production of silicon. 
The program also includes provisions for performing economic and 
cost analyses of the polysilicon production processes being evalu- 
ated by the Silicon Material Task. 
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2. CHEMICAL ENGINEERING ANALYSIS 


2.1 HSC Process for Silicon - Case A (Hemlock Semiconductor Corporation) 

The chemical engineering analysis activity involves the preliminary 
process design of a plant to produce silicon via the technology under 
consideration . 

The process flowsheet for Case A of HSC process (Hemlock Semiconductor 
Corporation) for silicon is sho\m in Figure 2.1-1. The process involves 
major processing operations of hydrochlorination, separation, several 
distillation units, redistribution, boron removal, silicon deposition, 
recovery unit and waste treatment. 

Metallurgical grade silicon is hydrochlorinated in the presence of 
hydrogen and silicon tetrachloride in a fluidized bed reactor. In the 
process, the reaction product issuing from the hydrochlorination reactor 
(hydrochlorination-hydrogenation reaction) is cooled and undergoes a 
vapor-liquid flash separation. The vapor fraction containing the hydrogen 
from the flash is recycled back to the hydrochlorination reactor. The 
liquid fraction containing the chlorosilanes and dissolved gases is fed 
to the initial distillation column. 

The function of the initial distillation column (D-01, stripper 
column) in the process is to remove volatile gases (such as hydrogen and 
nitrogen) which are dissolved in liquid chlorosilanes. For the engineering 
design, TCS (trichlorosilane) was selected as the heavy key component for 
the separation. 

The second distillation column (D-02 , TCS column) in the process 
separates TCS (trichlorosilane) and TET (silicon tetrachloride). The 
distillation column has three feeds (redistribution reactor effluent, 
chlorosilanes from the recovery unit and bottoms from the initial 
distillation). The TET from the distillation is recycled to the hydrochlori- 
nation reactor for additional conversion. The TCS from the distillation 
is sent to the boron removal unit and a subsequent additional distillation. 

The third distillation column (D-03, DCS column) in the process 
separates DCS (dichlorosilane) and TCS (trichlorosilane). The TCS in the 
bottoms from the distillation is sent to the redistribution reactor. The 
DCS is sent to the silicon deposition reactors. 

The design results for number of trays (equilibrium stages) required 
for each separation are shown in Figure 2.1-2, 2.1-3 and 2.1-4 for 
distillation D-01, D-02 and D-03. The design curve in each figure discloses 
the variation of number of trays with reflux ratio. 

Intermediate in the several distillation units, the TCS is redistributed 
to DCS and TET by passing through a fixed bed of catalyst. After redistri- 
bution, the otream is fed to appropriate distillation unit for separation and 
purification. The reaction equation to produce DCS is shown as 

2SiHCi t SiH.Cl. + SiCl, (2.1-1) 

3 2 2 4 
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The HSC process is based on the chetaical vapor deposition of DCS 
(dichlorosilane) with hydrogen to produce polysilicon. This DCS 
deposition reaction rate is fast and has the following representative 
chemical reaction equation: 

SiH 2 Cl 2 H 2 Si | HCl + By-products (2.1-2) 

The above reaction equation may include several reaction steps. 
Chemical equilibrium is involved and in reality^ several chlorosilcnes 
(such as SiH 2 Cl 2 ; SiHCl^ and SiCl^) are also present in the gas phase 
by-products. 

The process design of a plant to produce silicon by this new 
technology vas performed to obtain data for a cost analysis. The design 
was based cn a plant to produce i,000 metric tons/yr of silicon via the 
HSC procef>s - Case A. In Case the TCS (trichlorosilane) from distilla- 
tion D-0> is sent to the rodistribution ‘actor. 

ipie detailed status sheet for the process design package is shown 
in Table 2.1-1 and is representative of the various sub-items that make 
up the activity. The summarized results for the preliminary process 
design are presented in a tabular format to make it easier to locate items 
of fpecific interest. The guide for these tables is given below: 


. Process Flowsheet Figure 2.1-5 

. Base Case Conditions Table 2.1-2 

. Reaction Chemistry Table 2.1-3 

. Raw Material Requirements Table 2.1-4 

. Utility Requirements Table 2.1-5 

. Major Process Equipment Table 2.1-6 

. Production Labor Requirements Table 2.1-7 


The process design provides detailed data for raw materials^ utilities, 
major process equipment and production labor requirements which are 
necessary for polysilicon production. 
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Figure 2.1-2 Design Curve for Distillation, D-01 - Case A 
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Figure 2,1-5 (continued) 
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lire 2.1-5 ^continued) 



TABLE 2. 1-2 


BASE CASE CONDITIONS FOR HSC PROCESS - CASE A 


1. Plant Size 

-Silicon produced from dichlorosilane (DCS) 

-1000 metric tons/yr of silicon 

-High purity silicon 

-Final product form (solid rods) 

2. Hydrogenation Reaction 

-Metallurgical grade silicon, hydrogen, and recycle silicon tetrachloride 
(TET) used to produce trichlorosilane (TCS) 

-Copper catalyzed 

-Fluidized bed 

-500®C, 514.7 psia 

-29.5% conversion to TCS (example) 

3. Recycle For Hydrogenation Unit 

-Unreacted hydrogen from hydrogenation reactor is separated from chlorosilanes 
by condensation and then recycled 

-Unreacted silicon tetrachloride (TET) is seperated by distillation and recycled 

4. Distillation, D-01 

-Stripper column handles crude liquid chlorosilanes from hydrogenation 
-Removes volatile gases which are dissolved in the liquid chlorosilanes (such as 
H^, N^, HCl, etc.) 

5. Distillation, D-02 

-Distillation column separates trichlorosilane (TCS) and silicon tetrachloride (TET) 
-Column has three feeds: stripper column bottoms, redistribution reactor 
chlorosilanes and chlorosilanes from the recovery unit (chlorosilanes from the 
silicon deposition reactors) 

6. Distillation, D-03 

-Distillation column separates dichlorosilane (DCS) and trichlorosilane (TCS) 

-Column has one feed which is chlorosilanes from the boron removal unit 

-Overhead stream as the feed to CVD reactor 

-Bottom stream as the feed to redistribution reactor 

7. Boron Removal 

-Removal of BCl^ by complexation with nitrogen or oxygen base chemical which 
is supported on non-volatile substance 
-Fixed bed unit 

-No chlorosilane material loss 

8. TCS Redistribution Reaction 

-TCS is redistributed to DCS and TET through catalytic reaction 
-Catalytic redistribution of TCS with amine function ion exchange resin 
(Dowox Ton Exchange Resin MWA-1) 

-Liquid phase 80 psia, BOC 

-Conversion from pure TCS feed is about 10.5% to DCS 
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TABLE 2.1“2 (continued) 


9. Chemical Vapor Deposition Reaction 
^Silicon production 
-Siemens CVD reactor (modified) 

-Dichlorosilane and Hydrogen feec 
-Molar conversion to silicon of 40X 
-Deposition rate of 3000 g/hr 

-Reactor exhaust gas composition (per mole of DCS fed) 


KCl 

.14 

DCS 

.10 

TCS 

.34 

STC 

.16 


10. Recycle From CVD Reactor 

-Chlorosilanes are recovered from a refrigeration process 
-HydrCi;en is separated from HCl by adsorption process and recycled 
back to the CVD reactor 

-Hydrogen chloride (HCl) is recovered as a salable by-product. 

11. Slim Rod Pullers 

-Prepare slim rods (small filaments) 

-Slim rods used in Siemen*s CVD reactor for silicon deposition 
-Slim rod diameter of 6mm (approx. \ inch) 

12. Operating Ratio 

-Approximately 85% utilization (on stream time) 

-Approximately 7445 hour/year production 

13. Storage Consideration 

-Feed materials (several days supply) 

-Predict (two shifts storage) 

-Process (several hours to 1 shift) 

14. Wastes Treatment 

-Scrub and neutralize waste gas streams 
-Caustic solution used to neutralize 


Note : 

The following references were used in established the above tabulation: 1-20,26 
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TABLE 2.1-3 


REACTION CHEMISTRY FOR HSC PROCESS - CASE A 

1 . Hydrochlorinat ion React ion 

3SiCl^ + Si + 2H2 ^ 4SiHCl2 

2. Redistribution Reaction 

2SiilCl3 ^ S1H2C1^ + SiCl^ 

3 . Waste Treatment ( reprosentat ive - overall) 

SiH,^Cl., + Ca(OH)^ i2i#.Si02 + CaClg + 2H2O 
SiHCl^ + 1.5Ca(0H)^ Si02 + 1.5CaCl2 + 2H2O 

SiCl^ + 2Ca(OH)^ SiO^ + 2CaCl2 + 2H2O 

A. Decanposition Reaction 

SiH2Cl2 + H2 -*• Si + By-Products 

Note : 

1. Reaction 1 prtxiuct ccmtains H2. HCl, SiCl^, SiHClg, SiH2Cl2 (trace), 
other trac<' chlorick^s 

2. Reaction 2 prcxluct contains SiHCl^ ,SiCl^ , SiH2Cl2, SiH^Cl 

3. By-products in reaction A include Ho, HCl, SiHoClo, SiHClo 
and SiCl^ 
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TABLE 2.1-4 


RAW MATERIAL REQUIREMENTS FOR HSC PROCESS - CASE A 


RAW MAIERIALS 


1. M. G. Silicon 

2. Silicon Tetrachloride 
(SiCl^, make-up) 

3. Liquid Hydrogen 
(H^, make-up) 

4. Copper Catalyst 

5. Hydrate Lime ( CaCOH)^ ) 


REQUIREMENTS 


Ib/hr for 

1000 MT/yr Silicon 

Ib/kg of 
Silicon 

270.11 

2.014 

535.73 

3.67 

45.82 

0.342 

3.44 

0.026 

259.9 

1.937 

129.96 

0.969 


6. Hydrogen Chloride 
(HCl, by-product) 


TABLE 2.1-5 


UTILITY REQUIREMENTS FOR HSC PROCESS - CASE A 


UTILITIES 

TOTAL REQUIREMENTS 
FOR PLANT 

REQUIREMENTS PER 
KG OF SILICON 

1. Electricity 

1) For Deposition 
Reaction 

2) For Gas 
Compression 

3) For Pumping 
Liquid 

12,000 kw 
260 kw 
55 kw 

90.0 

1.94 kw-hr 
0.41 kw 


12,315 kw 

92.35 •'w 

2. Steam 

1) Superheated, 
100 psia 

2) Saturated, 
100 psia 

5 k Ib/hr 
17 k Ib/hr 

37.3 lb 
126.7 lb 


22 k Ib/hr 

164.0 lb 

3 . Cool ing water 
1) Cooling and 
Condensing 

96 k gal/hr 

715.6 gal 

4. Refrigerant 

1) Refrigeration 

0.90 M BTU/hr 

.007 M Btu 

5. Process Water 

1) Waste Treatment 

215 gal 

3.39 gal 

6, Fuel 

1) Direct-Fired 
Heater 

2) Incineration 

4 M BTO/hr 
1.5 M BTU/hr 

.03 M BTU 
.011 M BTU 


5.5 M BTU/hr 

.041 M BTU 


NOTE: 


k = kilo = 10^ 
M = mega = 10^ 
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TABLE 2.1-7 



PRODUCTION LABOR REQUIREMENTS 

FOR HSC PROCESS - CASE 




Labor 


Section 

man-hr/KG of 

Si (oper/shift) 

1. 

Hydrochlorination 

0.018 

(2) 

2. 

Purif ication/Redist- 
ribution 

0.026 

(3) 

3. 

Waste Treatment 

0.009 

(1) 

4. 

Silicon Deposition 

0.044 

(5) 

5. 

Recovery Unit 

0.018 

(2) 


Total 

0.114 

(13) 


Note 


Manpower estimate for production labor requirements based on: 

1. Dividing plant into sections 
-type of unit operation 
-mark off working area 

2. Specify work duties required in each section 

3. Estimate operators required to perform work duties 
in each section 

-type of unit operation 
-size of working area 

-degree of automation (batch, semi-continuous, etc.) 


28 



2.2 HSC Process for Silicon - Case B (Hemlock Semiconductor Corporation) 

The chemical engineering analysis activity involves the preliminary 
process design of a plant to produce silicon via the technology under 
consideration . 

The process flowsheet for Case B of HSC process (Hemlock Semiconductor 
Corporation) for silicon is shown in Figure 2.2-1. The process involves 
major processing operations of hydrochlorination, separation, several 
distillation units, redistribution, boron removal, silicon deposition, 
recovery unit and waste treatment. 

Metallurgical grade silicon is hydrochlor inated in the presence of 
hydrogen and silicon tetrachloride in a fluidized bed reactor. In the 
process, the reaction product issuing from the hydrochlorination reactor 
(hydrochlorination-hydrogenation reaction) is cooled and undergoes a 
vapor-liquid flash separation. The vapor fraction containing the hydrogen 
from the flash is recycled back to the hydrochlorination reactor. The 
liquid fraction containing the chlorosilanes and dissolved gases is fed 
to the initial distillation column. 

The function of the initial distillation column (D-01, stripper 
column) in the process is to remove volatile gases (such as hydrogen and 
nitrogen) which are dissolved in liquid chlorosilanes. For the engineering 
design, TCS ( trichlorosilane) was selected as the heavy key component for 
the separation. 

The second distillation column (D-02, TCS column) in the process 
separates TCS (trichlorosilane) and TET (silicon tetrachloride). The 
distillation column has three feeds (bottoms from the third distillation, 
chlorosilanes from the recovery unit and bottoms from the initial 
distillation). The TET from the distillation is recycled to the hydrochlori- 
nation reactor for additional conversion. 


The TCS from the second distillation is sent to the red is tribut ion 
reactor where TCS is redistributed to DCS and TET according to the representa- 
tive chemical reaction equation: 

2SiHCl^ t SiH^Cl^ + SiCl^ (2.2-1) 

After redistribution the stream is sent to the boron removal unit and 
the third distillation. The third distillation column (D-03, DCS column) 
in the process separates DCS (dichlorosilane ) and TCS (trichlorosilane). 

DCS from the distillation is sent to the silicon deposition reactors. 


The design results 
for each separation are 
distillation D-01, D-02 
the variation of number 


for number of trays (equilibrium stages) required 
shown in Figure 2.2-.-', 2.2-3 and 2.2-4 for 
and D-03. The design curve in each figure discloses 
of trays with refl x ratio. 
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The purified DCS is reacted with hydrogen (h^) in a rod reactor 
to obtain polysilicon deposition via the following representative 
chemical reaction equation: 

SiH^Cl^ + Si I + HCl ^ By-products (2.2-2) 

The above reaction equation may include several reaction steps. 
Chemical equilibrium is involved and in reality, several chlorosilanes 
(such as SiH 2 Cl 2 , SiHCl^ and SiCl^) are also present in the gas phase 
by-products . 

The chemical vapor deposition reaction with DCS is very fast and 
occurs on the surface of a ot rod (1000-1200C) which is heated by 
passage of electrical current through the rod. Large electrical energy 
requirements are necessary because of the heat of reaction, radiation 
heat losses and incomplete conversion of the DCS. Unreacted chloro- 
silanes and hydrogen are separated and recycled. 

The process design of a plant to produce silicon by this new 
technology was performed to obtain data for a cost analysis. The design 
was based on a plant to produce 1,000 metric tons/yr of silicon via the 
HSC process - Case B. In Case B, the TCS (trichlorosilane) from distilla- 
tion D-02 is sent to the redistribution reactor. 

The detailed status sheet for the process design package is shown 
in Table 2.2-1 and is representative of the various sub-items that make 
up the activity. The summarized results for the preliminary process 
design are presented in a tabular format to make it easier to locate 
items of specific interest. The guide for these tables is given below: 


. Process Flowsheet- Figure 2.2-5 

. Base Case Conditions Table 2.2-2 

. Reaction Chemistry -Table 2.2-3 

. Raw Material Requirements Table 2.2-4 

. Utility Requirements Table 2.2-5 

. Major Process Equipment Table 2.2-6 

. Production Labor Requirements Table 2.2-7 


The process design provides detailed data for raw materials, utilities, 
major process equipment and production labor requirements which are 
necessary for polysilicon production. 


30 - 
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Figure 2.2-3 Design Curve for Distillation, D-02 - Case 


- 33 - 




NUMBER OF TRAYS 


ORIGINAL PAGE IS 
OF POOR QUALITY 



REFLUX RATIO, R 


Figure 2.2-4 Design Curve for Distillation, D-03 - Case B 
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Figure 2.2-5 (continued) 








TABLE 2.2-2 


BASE CASE CONDITIONS FOR HSC PROCESS - CASE B 


1. Plant Size 

-Silicon produced from dichlorosilane (DCS) 

-1000 metric tons/yr of silicon 

-High purity silicon 

-Final product form (solid rods) 

2. Hydrogenation Reaction 

-Metallurgical grade silicon^ hydrogen, and recycle silicon tetrachloride 
(TET) used to produce trichlorosilane (TCS) 

-Copper catalyzed 

-Fluidized bed 

-500®C, 514.7 psia 

-29. 5Z conversion to TCS (example) 

3. Recycle For Hydrogenation Unit 

-Unreacted hydrogen from hydrogenation reactor is separated from chlorosilanes 
by condensation and then recycled 

-Unreacted silicon tetrachloride (TET) is seperated by distillation and recycled 

4. Distillation, D-01 

-Stripper column handles crude liquid chlorosilanes from hydrogenation 
-Removes volatile gases which are dissolved in the liquid chlorosilanes (such as 
H^, N^, HCl, etc.) 

5. Distillation, D-02 

-Distillation column separates trichlorosilane (TCS) and silicon tetrachloride (TET) 
-Column has three feeds: stripper column bottoms, redistribution reactor 
chlorosilanes and chlorosilanes from the recovery unit (chloror lanes from the 
silicon deposition reactors) 

6. Distillation, D-03 

-Distillation column separates dichlorosilane (DCS) and trichlorosilane (TCS) 

-Column has one feed which is chlorosilanes from the boron removal unit 

-Overhead stream as the feed to CVD reactor 

-Bottom stream as the feed to redistribution reactor 

7. Boron Removal 

-Removal of BCl^ by complexation with nitrogen or oxygen base chemical which 
is supported on non-volatile substance 
-Fix(M* bed unit 

-No chlorosilane material loss 

8. TCS Redistribution Reaction 

-TCS is redistributed to DCS and TET through catalytic reaction 
-Catalytic redistribution of TCS with amine function ion exchange resin 
(Dovex Ion Exchange Resin MWA-1) 

-Liquid phase 80 psia, 80C 

-Conversion from pure TCS feed is about 10. 5Z to DCS 
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TABLE 2.2 -2 (continued) 


9. Chemical Vapor Deposition Reaction 
•Silicon production 
•Siemens CVD reactor (modified) 

•Dichlorosilane and Hydrogen feed 
•Molar conversion to silicon of 40% 

•Deposition rate of 3000 g/hr 

•Reactor exliuubn gas composition (per mole of DCS fed) 


HCl 

.14 

DCS 

.10 

TCS 

.34 

STC 

.16 


10. Recycle From CVD Reactor 

•Chlorosilanes are recovered from a refrigeration process 
•Hydrogen is separated from HCl by adsorption process and recycled 
back to the CVD reactor 

•Hydrogen chloride (HCl) is recovered as a salable by-product. 

11. Slim Rod Pullers 

•Prepare slim rods (small filaments) 

•Slim rods used in Siemen’s CVD reactor for silicon depoj^ition 
•Slim rod diameter of 6mm (approx, i inch) 

12. Operating Ratio 

•Approximately 85% utilization (on stream time) 

•Approximately 7445 hour/year production 

13 . Storage Consideration 

•Feed materials (several days supply) 

•Produc t ( two shifts s torage ) 

•Process (several hours to 1 shift) 

14. Wastes Treatment 

•Scrub and neutralize waste gas streams 
•Caustic solution used to neutralize 


Note : 

The following references were used in establishing the 
above tabulation: 1-20, 26 
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TABLE 2,2-3 


REACTION CHEMISTRY FOR HSC PROCESS - CASE B 

1. Hydrochlorinat ion React ic«i 

3SiCl^ + Si + 2Hg ^ 4SiHClg 

2. Redistribution Reaction 

2SiHCl3 * SiHgClg + SiCl^ 

3. Waste Treatment (representative - overall) 

SiH2Cl2 + Ca(0H>2 iSSL*.Si02 + CaCl2 + 2 H 2 O 
SiHCl^ + 1.5Ca(OH)2 Si02 + 1.5CaCl2 + 2 H 2 O 

SiCl^ + 2Ca(OH)2 Si02 + 2CaCl2 + 2 H 2 O 

4. Deconposition Reaction 

SiH2Cl2 + H2 Si + By-Products 

Mole : 

1. Reaction 1 product contains IL, HCl, SiCl,, SiHClg, SiH-Clg (trace), 
other trace chlorides 

2. Reaction 2 prtxluct contains SiHCl^.SiCl^, SiK 2 Cl,,, SiH^Cl 

3. By-products in reaction 4 include Ho, HCl, SiHoCU, SiHClo 

and SiCl 4 ^ ^ 
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TABLE 2.2-4 


RAW MATERIAL REQUIREMENTS FOR HSC PROCESS * CASE B 


RAW MATERIALS REQUIREMENTS 

ib/hr for Ib/kg of 

1000 MT/yr Silicon Silicon 


1. M. G. Silicon 

270.11 

2.014 

2. Silicon Tetrachloride 
(SiCl^, make-up) 

535.73 

3.67 

3. Liquid Hydrogen 
(H 2 , make-up) 

45.82 

0.342 

4. Copper Catalyst 

3.44 

0.026 

5. Hydrate Lime ( Ca(0H)2 ) 

259.9 

1.937 

6. Hydrogen Chloride 
(HCi, by-product) 

129.96 

0.969 
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TABLE 2.2-5 


UTILITY REQUIREMENTS FOR HSC PROCESS - CASE B 


UTILITIES 

TOTAL REQUIREMENTS 
FOR PLANT 

REQUIREMENTS PER 
KG OF SILICON 

1. Electricity 

1) For Deposition 
Reaction 

2) For Gas 
Compression 

3) For Puraping 
Liauid 

12,000 kw 
260 kw 
55 kw 

90.0 kw-hr 
1.94 kw-hr 
0.41 kw 


12,315 kw 

92.35 

2 . Steam 

1) Superheated, 
100 psia 

2) Saturated, 
100 psia 

5 k Ib/hr 
17 k Ib/hr 

37.3 lb 
126.7 lb 


22 k Ib/hr 

164.0 lb 

3, Cooling water 
1) Cooling and 
Condensing 

96 k gal/hr 

715.6 gal 

4. Refrigerant 

1) Refrigeration 

0.90 M BTU/hr 

.007 M Btu 

5, Process Water 

1) Waste Treatment 

215 gal 

3.39 gal 

6. Fuel 

1) Direct-Fired 
Heater 

2) Incineration 

4 M BTU/hr 
1.5 M BTU/hr 

.03 M BTU 
.011 M BTU 


5.5 M BTU/hr 

.041 M Brj 


NOTE; 

k = kilo = 10^ 
M = mega = 10^ 
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LIST OF MAJOR PROCESS EQUIPMENT FOR HSC PROCESS - CASE B 
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27. R-05 CVD Deposition Hydrogen reduc- CVD Deposition Large rods, several Quartz/CS/SS 

Reactor (45) tion of chloro- Reactor (Siemens hairpin loading 
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TABLE 2.2-7 


PRODUCTKM LABOR REQUIREMENTS FOR HSC PROCESS - CASE B 


Labor 



Section 

man-hr/KG of Si 

(oper/shift) 

1. 

Hydrochlorination 

0.018 

(2) 

2. 

Purification/Redist- 

ribution 

0.026 

(3) 

3. 

Waste Treatment 

0.009 

(1) 

4. 

Silicon Deposition 

0.044 

(5) 

5. 

Recovery Unit 

0.018 

(2) 


Total 

0.114 

(13) 


Note 


Manpower estimate for production labor requirements based on: 

1. Dividing plant into sections 
-type of unit operation 
-mark off working area 

2. Specify work duties required in each section 

3. Estimate operators required to perform work duties 
in each section 

-type of unit operati'> 

-size of working area 

-degree of automation (batch, semi-continuous, etc.) 
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3. COST ANALYSIS 


3 1 HSC Process for Silicon - Case A (Hemlock Semiconcactor Corporation) 

The cost analysis activity involves an economic analysis of the 
process under consideration for the production of silic<wi. Tne cost 
analysis for the particular technology is based on process design results, 
such as requirements for raw materials and major process equipment 
necessary to produce the product, from the chemical engineering analysis 
activity. Primary results issuing from the cost analysis include plant 
capital investment and product cost which are useful in identification 
of those processes showing promise for meeting project cost goals. 

The cost analysis results for producing silicon by the HSC process- 
Case A (Hemlock Semiconductor Corporation) are presented in Table 3.1-1 
including costs for raw materials, labor, utilities and other items ccxnpos- 
ing the product cost (total cost of producing silicon). The tabulation 
summarizes all of these items to give a total product cost without profit 
of $22.65 (1980 dollars) and $26.46 (1982 dollars) per kg. This product 
cost without profit includes direct manufacturing cost, indirect manufactur- 
ing cost, plant overhead and general expenses. 

A preliminary cost sensitivity analysis was performed to determine the 
influence of cost parameters on the economics of this new technology. The 
cost sensitivity results are given in Figure 3.1-1 in which product cost 
without profit ($/kg) is plotted vs variation (-100 to +100 per cent) 
of the primary cost parameters. The 0 per cent variation represents the 
base case, the -100 percent variation corresponds to the case of no costs 
for the parameter; and the +100 per cent represents the case for a doubling 
of cost for each parameter. The plot illustrates that product cost is 
influenced most by plant investment (fixed capital) and utilities (primarily 
electrical power). Raw materials and labor are intermediate and least in 
influence . 

The product cost represents all cost associated with producing silicon. 

On top of these costs a producing company will include some profit. The 
sales price of the product silicon will actually be the sum of the product 
cost and a profit for the company. The profit is usually measured in 
terms of rate of return on the capital investment that the company spent in 
going into the business. Two profitability methods which are commonly used 
are the return on original investment (per cent ROI) and discounted cash 
flow rate of return (per cent DCF). 

The cost and profitability analysis summary for the HSC process - Case A 
are presented in Table 3.1-2. The sales price of polysilicon at various 
rates of return for both profitability methods (per cent ROI and DCF) is 
shown in the lower half of the table. The results indicate a sales price of 
$35.86 per kg of silicon (1982 dollars) at 15 per cent DCF return on investment 
after taxes. 

The detailed results for the cost analysis are presented in a tabular 
format to make it easire to locate cost items of specific interest. The 
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guide for the tabular format is given below: 


. Preliminary Economic Analysis Activities Table 3.1-3 

. Process Design Inputs Table 3.1-4 

. Base Case Conditions Table 3.1-5 

. Raw Material Cost Table 3.1^6 

. Utility Cost Table 3.1-7 

. Major Process Equipment Cost Table 3.1-8 

. Production Labor Cost Table 3.1-9 

. Plant Investment Table 3.1-10 

. Total Product Cost Table 3.1-11 

These cost and profitability results for the HSC process-Case A 
indicate that this new technology shows promise for producing silicon 
at appreciable lower cost. 
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TABLE 3.1-1 


ESTIMATION OF PRODUCT COST FOR HSC PROCESS - CASE A 


PRODUCT COST, $/kg of silicon 
1980 dollars. .1982 dollars. 


1. Direct Manufacturing Cost (Direct Costs)...... n.l9 15.49 

Raw Materials 

Direct Operating Labor 

Utilities 

Supervision and Clerical 
Maintenance and Repairs 
Operating Supplies 
Laboratory Charge 

2. Indirect ManufacturingCost (Fixed Cost) 4.64 5.34 

Depreciation 
Local Taxes 
Insurance 

3. Pl^ult Overhead 1.87 2.18 

4. General Expenses 2.95 3.45 

Administration 
Distribution and Sales 
Research and Developnent 


5. Product Cost Without Profit 22.65 26.46 
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TABLE 3.1-2 


COST AND PROFITABILITY ANALYSIS SUMMARY FOR HSC PROCESS - CASE A 


1. Process 

2 . Plant Size 

3. Plant Product... 

4. Product Form.... 

5. Plant Investment 


. HSC Process - Case A 
.. 1,000 metric tons/year 
. Silicon 
• Solid Rods 

. $39,290,000 / $45,180,000 
( 1980 dollars) (1982 dollars) 


Fixed Capital $35.72 Mega $41.07 Mega 

Wor)cing Capital $ 3.57 Mega $ 4.11 Mega 

(15%) Total $39.29 Mega $45.18 Mega 

(1980 dollars) (1982 dollars) 


6. Return on Original Investment, after taxes (%ROI) 

Sales Price Sales Price 

$/Kg of Silicon $/Kg of Silicon 

(1980 dollars) (1982 dollars) 


0% ROI $22.65 $26.46 

5% ROI $26.45 $30.90 

10% ROI $30.26 $35.34 

15% ROI $34.06 $39.78 

20% ROI $37.86 $44.22 

25% ROI $41.67 $48.66 

30% ROI $45.47 $53.11 

40% ROI $53.08 $61.99 


7. Discounted Cash Flow Rate of Return, after taxes (% DCF) 

Sales Price Sales Price 

$/Kg of Silicon $/Kg of Silicon 

(J98Q dollars) (1982 dollars) 


0% DCF $22.65 $26.46 

5% DCF $25.10 $29.32 

10% DCF $27.79 $32.47 

15% DCF $30.70 $35.86 

20% DCF $33.80 $39.48 

25% DCF $37.04 $43.26 

30% DCF $40.41 $47.19 

40% DCF $47.41 $55.37 


Based on 10 year project lire and 10 year straight 
line depreciation. 

8. Tax Rate 46% 
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COST ANALYSIS: 

PRELIMINARY ECONOMIC ANALYSIS ACTIVITIES FOR RSC PROCESS * CASE A 
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TABLE 3.1-4 


PROCESS DESIGN INPUTS: PROCESS PLANT DESIGN CHECKLIST FOR HSC PROCESS - CASE A 


1. Raw Material Requirements 

-ravT material requirements for process 

-metallurgical grade silicon, silicon tetrachloride, hydrogen, 
copper catalyst, lime, etc. 

-see table for **Raw Material Cost** 


2. Utility Requirements 

-utility requirements for process 

-electricity, steam, cooling water, regrigeration, etc . 
-see table for ‘‘Utility Cost" 


3. Major Process Equipment Requirements 

-list of major process equipment required for process 
-distillation columns, heaters, heat exchangers, reactors, tanks, 
bins , vessels, compressors , pumps , etc . 

-see table for "Major Process Equipment Cost** 


4. Production Labor Requirements 

-production labor requirements for process 

-labor for hydrc ilorination, purification/redistribution, waste 
treatment, silicon deposition, etc. 

-see table for **Production Labor Cost** 
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TABLE 3 . 1-5 


BASE CASE CCNDTTIONS: COST ANALYSIS CHECKLIST FOR HSC PROCESS - CASE A 


1. Raw Material Cost (32-38) 

-cost of raw materials required in process 
-Chemical Marketing Reporter 
-industrial consultations 
-other personal conmunications 

2. Utility Cost (21-27) 

-cost of utilities required in process 

-Chemical Week (Plant Sites), Peters and Tincienhaus (Rates for 
various industrial utilities) 

-industrial conmunications 

3. Labor Cost (22-26, 31) 

-cost of labor required in process 

-labor rate representative of Petroleum, Coal, Chemical 
and Allied Industries 
-rate of $10/hr (1980 dollars) 

4. Major Process Equipment Cost (9, 26-30) 

-cost of major process equipment required in process 
-vendor quotations 

-Richardson Process Plant Construction Estimating Standards 
-Guthrie, Popper, Peters and Tiramerhaus 
-M & S Equipment Cost Index 
-Other personal sources 

5. Capital Investment Cost (26-30) 

-major process equipment 

-installation, piping, instrumentation, electrical, process buildings 
-offsites, utilities, site development, general services, offices, 
receiving, shipping 
-engineering , contingency 
-fixed capital investment for plant 
-CE Plant Cost Index 
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TABLE 3.1-5 


(Continued) 


Note 


1. The above tabulation provides documentation for sources of the 
cost data. 

2. In this report, each respective table (Raw Material Cost, Utility 
Cost, etc.) gives dt tailed data such as cost per lb. of material, 
cost per kw-hr of electricity, major process equipment cost, cost 
of labor in $/hr and other costs. 

3. The cost analysis results presented in this report are primarily 
applicable for 

-1980 dollars 
-1982 dollars 

4. The numbers in parentheses are references for the above tabulation. 
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RAW MATERIAL COST FOR HSC PROCESS - CASE A 
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UTILITY COST FOR HSC PROCESS - CASE A 
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TABLE 3.1-8 


MAJOR PROCESS EQUIPMENT COST FOR HSC PROCESS - CASE A 



4. 

H-01 Crude TCS 
Condenser 

57.4 

66.0 

5. 

H-02 Gas Pre- 

Heater 

19.1 

22.0 

6. 

H-03 TET Vaporizer 

22.9 

26.3 

7. 

H-04 Stripper 
Condenser 

11.6 

13.3 

8. 

H-05 Stripper 
Reboiler 

2.9 

3.3 

9. 

H-06 TCS 
Condenser 

30.0 

34.5 

10. 

H-07 TCS 
Reboiler 

14.6 

16.8 

11 . 

H-08 TET Heat 
Exchanger 

10.8 

12.4 

12. 

H-09 DCS 
Condenser 

35.7 

41.1 

13. 

H-10 DCS Reboiler 

10.7 

12.3 
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TABLE 3.1-3 


(Continued) 




Equipment 

Cost, $1 ,000 



1980 dollars 

1982 dollars 

14. 

H-11 TCS Cooler 

5.2 

6.0 

15. 

H-*12 Waste Stream 
Cooler 

5.1 

5.9 

16. 

H-13 TET Super- 
heater 

30.9 

35.5 

17. 

H-14 Compressor 

Intercooler 

3.7 

4.3 

18. 

H-15 CVD 

Reactor Gas Cooler 
(1st Stage) 

2.8 

3.2 

19. 

H-16 CVD 

Reactor Gas Cooler 
(2nd Stage) 

21.7 

25.0 

20. 

H-17 CVD Reactor 
Gas Cooler (3rd Stage) 

4.9 

5.6 

21. 

H-18 CVD Reactor 
Gas Cooler 
(4th Stage ) 

19.0 

21.9 

22. 

H-19 Gas Heater 

10.6 

12.2 

23. 

R-01 Hydrochlorina- 
tion Reactor 

179.0 

205.9 

24. 

R-02 TCS Redistribution 
Reactor 

21 .0 

24.2 

25. 

R-03 Waste 
Neutrali;^er 

17.5 

20.1 

26. 

R-04 Waste Combuster 

12.8 

14.7 

27. 

R-05 CVD Depost ion 
Reactor (45) 

122.0 ea. 

140.3 ea. 

28. 

B-01 Silicon Storage 
Bin with Feed Lock 

29.8 

34.3 
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TABLE 3 . 1-8 


(Continued) 


Equipment Cost, $1,000 
1980 dollars 1982 dollars 


29. 

T“01 Residue 
Settling Tank 

88.2 

101.4 

30. 

T-02 Residue Withdraw Tank 

8.5 

9.8 

31. 

T-03 Hydrogen Separation 
Tank 

20.7 

23.8 

32. 

T-04 Crude TCS 
Storage Tank 

34.9 

40.1 

33. 

T-05 TCS Stripper 
Reflux Drum 

4.4 

5.1 

54. 

T-06 TCS/TET Distilla- 
tion Reflux Drum 

8.4 

9.7 

35. 

T-C" TET Storage Tank 

19.9 

22.9 

36. 

T--08 DCS/TCS Distilla- 
tion Reflux Drum 

9.6 

11.0 

37. 

T-09 Vapor-Liquid 
Separator 

15.8 

18.2 

38. 

T-10 Vapor-Liquid Separator 

17.8 

20.5 

39. 

T-11 Flue Gas 
Separation Tank 

1.7 

2.0 

40. 

T-12 Lime Solution 
Preparation Tank 

7.2 

8.3 

41. 

T-13 Waste Filtrate 
Storage Tank 

5.9 

6.8 

42. 

T-14 Hydrogen Surge Tank 

6.0 

6.9 

43. 

C-OIA Hydrogen Feed Compressor 
First Stage 

43.0 

49.5 
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TABLE 3.1-8 


(Continued) 



44. 

C-OIB Hydrogen Feed Compressor 
Second Stage 

46.4 

53.4 

45. 

C-02 Hydrogen Circulation 
Compressor 

20.3 

23.3 

46 . 

P-01 Feed Tank Blower 

16.0 

18.4 

47. 

P-02 Settling Tank 
Circulation Pun«p 

9.8 

11.3 

48. 

P-03 Crude Pump 

2.5 

2.9 

49. 

P-04 TCS Reflux Pump 

4.3 

4.9 

50. 

P-05 TET Feed Pump 

5.8 

6.7 

51. 

P-06 DCS Reflux Pump 

3.8 

4.4 

52. 

P-10 Waste Solution Pump 

.9 

1.0 

53. 

P-11 Lime Solution 
Circulation Pump 

.9 

1.0 

54. 

P-12 Fresh Lime 
Solution Pump 

.9 

1.0 

55. 

C-03 Gas Compressor 

128.5 

147.8 

56. 

M-01 Silicon Dust Filter 

1.5 

1.7 

57. 

M-02 Waste Slurry Filter 

3.8 

4.4 

58. 

M-03 Silicon Feed Cyclone 

2.0 

2.3 

59. 

M-04 Quench Contact Ejector 

9.5 

xO.9 

60. 

M-05 Flue Gas Ejector 

1.8 

2.1 

61 . 

M-06 Adsorption Tower (3) 

45.5 ea. 

52.3 
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TABLE 3 . 1-8 


(Continued) 


Equipment Cost, $1,000 
1980 dol’ r.-s 1982 dollars 


62. 

M-07 

Boron Removal Unit (2) 

9.5 (?a. 

10.9 ea. 

63. 

M-08 

Vent Scrubber 

17.1 

19.7 

64. 

M-09 

Slim Rod Pullers (5) 

21. ea. 

24.2 ea. 

65. 

M-10 

Catalyst Blender 

21.8 

25.1 

66. 

M-11 

Recovery System Pump 

1.4 

1.6 

67. 

M-12 

Hydrogen Storage Tank 

53.0 

61.0 



Total 

7,131.0 

8,200.6 
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PRODUCTION IJ\B0R COST FOR HSC PROCESS - CASE A 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


TABLE 3.1-10 


E8TIHATI0N OF PLANT INVESTMENT FOR HSC PROCESS-CASE A 


19B0 1982 

SOlLfiCi QsLUri 


1. DIRECT PLANT INVESTMENT COSTS 

1. Major ProcMB Equipaant Cost 

2. Installation o-f Procsss Equipaant 

3 . Procsss Piping, Installsd 

4. Instruaantation, Installsd 

5. Elsctrical, Installsd 

6. Procsss Building, Installsd 


7,131.0 8,200.6 

3,066.3 3,S26.3 

5.276.9 6,068.5 

1.354.9 1,558.1 

713.1 820.1 

713.1 820.1 


la. SUBTOTAL FOR DIRECT PLANT INVESTMENT 
(PRIMARILY BATTERY LIMIT FACILITIES) 


18,255.4 20,993.7 


2. OTHER DIRECT PLANT INVESTMENT COSTS 

1. Utilitiss, Installsd 

2. Goner al Service, Site Developaent, 
Fire Protection, etc. 

3. General Buildings, Offices, etc 

4. Receiving, Shipping Facilities 


3,422.9 3,936.3 

855.7 984.1 

998.3 1,148.1 

1,497.5 1,722.1 


2a. SUBTOTAL FOR OTHER DIRECT 6,774.5 7,790.6 

PLANT INVESTMENT COST 
(PRIMARILY OFFSET FACILITIES) 


3. TOTAL DIRECT INVESTMENT COSTS, la-«-2a 


25,029.8 28,784.3 


4. INDIRECT PLANT INVESTMENT COSTS 

1. Engineering, Overhead, etc 

2. Noraal Cont. for Strikes, etc 


3,922.1 4,510.4 

5,063.0 5,822.5 


4a. TOTAL INDIRECT INVESTMENT (X)ST 


8,985.1 10,332.8 


5. TOTAL DIRECT AND INDIRECT 
INVESTMENT COST, 3+4a 


34,014.9 39,117.1 


6. OVERALL CONTINGENCY 


1,700.7 1,955.9 


7. FIXED CAPITAL INVESTMENT FOR PLANT 5+6 35,715.6 41,073.0 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


TABLE 3.1-11 


ESTIHATION OF TOTAL PRODUCT COST FOR H8C PROCESS-CASE A 


I960 1982 

SfillSCl SfillALl 


1. Direct Hanufec taring Ccist 


(Direct Charges) 


1. 

Rae Materials 

2.660 

3.070 

2. 

Direct Operating Labor 

I.ISO 

1.380 

3. 

Utilities 

4.745 

5.694 

4. 

Supervision and Clerical 

0.173 

0.207 

5. 

Maintenance and Repairs 

3.572 

4.107 

6. 

Operating Supplies 

0.714 

0.821 

7. 

Laboratory Charge 

0. 173 

0.207 

Indirect llanafac taring Cost 
(FixcKi Charges) 



1. 

Depreci aticjn 

3.572 

4.107 

2. 

Local Tax as 

0.714 

0.821 

3. 

Insurance 

0.357 

0.411 


3. Plant Overhead 1.865 2.184 

4. By-Prcxluct Credit 

4a. Total Manutac taring Cost, l-i-2'^3-*-4 19.695 23.011 

5. General Expenses 

1. Adel ni strati on 1.182 1.381 

2. Distribation and Sales 1.182 1.381 

3. Research and Develpoeent 0.591 0.690 


6. Total Cost o-f Prodact, 4a4-5 22.649 26.462 
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3.2 HSC Process for Silicon - Case B (Hemlock Semiconductor Corporation) 


The cost analysis activity involves an economic analysis of the 
process under consideration for the production of silicon. The cost 
analysis for the particular technology is based on process design results, 
such as requirements for raw materials and major process equipment 
necessary to produce the product, from the chemical engineering analysis 
activity. Primary results issuing from the cost analysis include plant 
capital investment and product cost which are useful in identification 
of those processes showing promise for meeting project cost goals. 

The cost analysis results for producing silicon by the HSC process- 
Case B (Hemlock Semiconductor Corporation) are presented in Taole 3.2-1 
including costs for raw materials, labor utilities and othei items compos- 
ing the product cost (total cost of producing silicon). The tabulation 
summarizes all of these items to give a total product cost without profit 
of $22.62 (1980 dollars) and $26.43 (1982 dollars) per kg. This product 
cost without profit includes direct manufacturing cost, indirect manufactur- 
ing cost, plant overhead and general expenses. 

A preliminary cosc sensitivity analysis was performed to determine the 
influence of cost parameters on the economics of this new technology. The 
cost sensitivity results are given in Figure 3.2-1 in which product cost 
without profit ($/kg) is plotted vs variation (-100 to +100 per cent) 
of the primary cost parameters. The 0 per cent variation represents the 
base case, the -100 per cent variation corresponds to the case of no costs 
for the parameter; and the +100 per cent represe^'-s the case for a doubling 
of cost for each parameter. The plot illustrr.es that product cost is 
influenced most by plant investment (fixed capital) and utilities (primarily 
electrical power). Raw materials and labor are interrae"*! te and leatt in 
influence . 

The product cost represents all cost associated with producing silicon. 
On top of these costs a producing company will include some profit. The 
sales price of the product silicon will actually be the sum of the product 
cost and a profit for the company. The profit is usually measured in terms 
of rate of return on the capital investment that '"he company spent In 
going into the business. Two profitability methods which are couLn^nly used 
are the return on original investment (per cent ROI) and discounted cash 
flow rate of return (per cent DCF). 

The cost and profitability analysis summary for the HSC process - Case B 
are presented in Table 3.2-2. The sales price of polysilicon at various 
rates of return for both profitability methods (per cent ROI and DCF) is 
shown in the lower half of the table. The results indicate a sales price of 
$35.67 per kg of silicon (1982 dollars) at 15 per cent DCF return on invest- 
ment after taxes. 

The detailed results for the cost analysis are presented in a tabular 
format to make it easier to locate cost items of specific interest. The 
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guide for the tabular format is given below: 


. Preliminary Economic Analysis Activities Table 3.2-3 

. Process Design Inputs Table 3.2-'4 

. Base Case Conditions Table 3.2-5 

. Raw Material Cost Table 3.2-6 

. Utility Cost -Table 3.2-7 

. Major Process Equipment Cost Table 3.2-8 

. Production Labor Cost Table 3.2-9 

. Plant Investment Table 3.2-10 

. Total Product Cose Table 3.2-11 


These cost and profitability results for the HSC process-Case B 
indicate that this new technology shows promise for producing silicon 
at appreciable lower cer^t. 



TABLE 3.2-1 


ESTIMATION OF PRODUCT COST FOR HSC PROCESS - CASE B 


PROPrCT COST, $/kg of silicon 
1930 dollars. .1982 dollars 


1. Direct Manufacturing Cost (Direct Costa) 13.18 15.47 

Raw Materials 

Direct Operating Labor 

Utilities 

Supervision and Clerical 
Maintenance and Repairs 
Operating Supplies 
Laboratory Chatrge 

2. Indirect Hanufactulng Cost (Fixed Cost) 4.63 5.33 

Depreciation 
Local Taxes 
Insurance 

3. Plant Overhead 1.86 2.18 

4. General Expenses 2.95 3.45 

Adxainistration 
Distribution and Sales 
Research and Development 


5. PruducL Cost Without Profit 22.62 26.43 
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PRODUCT COST, $/kg of Silicon 



VARIATION, % 

Figure 3.2-1 SENSITIVITY ANALYSIS OF PRODUCT COST WITHOUT PROFIT 
FOR HSC PROCESS - CASE B 
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TABLE 3 . 2-2 


COST AND PROFITABILITY ANALYSIS SUMMARY FOR HSC PROCESS - CASE B 


1. Process 

2. Plant Size 

3. Plant Product... 

4 . Product j-'orm. . . . 

5. Plant Investment 


. HSC Process - Case B 
.. 1,000 metric tons/year 
. Silicon 
. Solid Reds 

. $39,190,00(y $45,070,000 
( 1980 dollars) (1982 dollars) 


Fixed Capital $35.63 Mega $40.97 Mega 

Noticing Capital $ 3.56 Mega $4.10 Mega 

(15%) Total $39.19 Mega $45.07 Mega 

(19P0 dollars) (1982 dollars) 


6. Return on Original Investment, after taxes ciROI) 

Sales lice Sales Price 

$/Kg of Silicon $/Kg of Silicx>n 

(1980 dollars) (1982 dollars) 


0% ROI $22.62 $26.43 

5% ROI $26.41 $30.79 

10% ROI $30.20 $35.15 

15% ROI $34.00 $39.52 

20% ROI., $37.79 $43.88 

25% ROI $41.58 $48.24 

30% ROI $45.38 $52.60 

40% ROI $52.96 $61.33 


7. Discounted Cash Flow Rate of Return, after taxes (% DCF) 

Sales Price Sales Price 

$/Kg of Silicon $/Kg of Silicon 

(1980 dollars) (1982 dollars) 


0% DCF $22.62 $26.43 

5% DCF $25.06 $29.24 

10% DCF $27.75 $32.32 

15% DCF $30.65 $35.67 

20% DCF $33.73 $39.21 

25% DCF $36.97 $42.94 

30% DCF $40.33 $46.80 

40% DCF $47.31 $54.83 


Based on 10 year project life and 10 year straight 
line depreciation. 

8. Tax Rate 46? 
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TABLE 3.2-4 


PROCESS KSIGN INPUTS: PROCESS PLANT DESIGN CHECKLIST FOR HSC PROCESS - CASE B 


1. Raw Material Requirements 

-raw material requirements for process 

-metallurgical grade silicon, silicon tetrachloride, hydrogen, 
copper catalyst, lis«, etc. 

-see table for "Raw Material Cost" 


2. Utility Requirements 

-utility requirements for process 

-electricity, steam, cooling water, regrigeration, etc. 

-see table for "Utility Cost" 

3. Major Process Equipment Requirements 

-list of major process equipment required for process 
-distillation columns, heaters, heat exchangers, reactors, tanks, 
bins, vessels, compressor., pumps, etc. 

-see table for "Major Process Equipment Cost" 


4. Production Labor Requirements 

-production labor requirements for process 

-labor for hydrochlorination, purification/redistribution, waste 
treatment, silicon deposition, etc. 

-see table for "Production Lab~r Cost" 



TABLE 3 . 2-5 


BASE CASE CONDITIONS: COST ANALYSIS CHECKLIST FOR HSC PROCESS - CASE B 


1. Raw Material Cost (32-38) 

-cost of raw materials required in process 
-Chemical Marketing Reporter 
-industrial consultations 
-other personal communications 

2. Utility Cost (21-27) 

-cost of utilities required in process 

-Chemical Week (Plant Sites), Peteta and Timmenhaus (Rates for 
various industrial utilities) 

-industrial consnunications 

3. Labor Cost (22-26, 31) 

-cost of labor required in process 

-labor rate representative of Petroleum, Coal, Chemical 
and Allied Industries 
-rate of $10/hr (1980 dollars) 

4. Major Process Equipment Cost 26-30) 

-cost of major process equipment required in process 
-vendor quotations 

“Richardson Process Plant Construction Estimating Standards 
-Guthrie, Popper, Peters and Timnerhaus 
-M & S Equipment Cost Index 
-Other personal sources 

5. Capital Investment Cost (26-30) 

-major process equipment 

-installation, piping, instrumentation, electrical, process buila^.igs 
-offsites, utilities, site development, general services, offices, 
receiving , shipping 
-engineering , contingency 
“fixed capital in/estment for plant 
-CE Plant Cost Index 
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TABLE 3.2~5 (Continued) 


Note 


1. The above tabulation provides documentation for sources of the 
cost data. 

2. In this report, each respective table (Raw Material Cost, Utility 
Cost, etc.) gives detailed data such as cost per lb. of material, 
cost per kw-hr of electricity, major process equipment cost, cost 
nf lahnr in $/hr and other costs. 

3. The cost analysis results presented in this report are primarily 
applicable for 

-1980 dollars 
-1982 dollars 

4. The numbers in parentheses re references for the above tabulation. 
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RAW MATERIAL COST FOR HSC PROCESS - CASE 
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UTILITY COST FOR HSC PROCESS - CASE B 
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TABLE 3.2-8 


MAJOR PROCESS EQUIPMENT COST FOR HSC PROCESS - CASE B 



Equipment 

Equipment 
1980 dollars 

Cost, $1,000 
1982 dollars 

1. 

D-01 Crude TCS 
Stripping Column 

24.0 

27.6 

2. 

D-02 TCS/TET 
Distillation Colunm 

53.9 

62.0 

3. 

D-03 DCS/TCS 
Distillation Column 

60.9 

70.0 

4. 

H-01 Crude TCS 
Condenser 

57.4 

66.0 

5. 

H-02 Gas Pre- 

Heater 

19.1 

22.0 

6. 

H-03 TET Vaporizer 

22.9 

26.3 

7. 

H-04 Stripper 
Condenser 

11.6 

13.3 

8. 

H-05 Stripper 
Reboiler 

2.9 

3.3 

9. 

H-06 TCS 
Condenser 

30.0 

34.5 

10. 

H-07 TCS 
Reboiler 

14.6 

16.8 

11. 

H-Oo TET Heat 
Exchanger 

10.8 

12.4 

12. 

H-09 DCS 
Condenser 

35.7 

41.1 

13. 

H-10 DCS Reboiler 

10.7 

12.3 
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TABLE 3.2-8 


(Continued) 




Equipment 

Cost, $1,000 



1980 dollars 


14. 

H-11 TCS Cooler 

5.2 

6.0 

15. 

H-12 Waste Stream 
Cooler 

5.1 

5.9 

16. 

H-13 TET Super- 
heater 

30.9 

35.5 

17. 

H-14 Compressor 

Intercooler 

3.7 

4.3 

18. 

H-15 CVD 

Reactor Gas Cooler 
(1st Stage) 

2.8 

3.2 

19. 

H-16 CVD 

Reactor Gas Cooler 
(2nd Stage) 

21.7 

25.0 

20. 

H-17 CVD Reactor 
Gas Cooler (3rd Stage) 

4.9 

5.6 

21. 

H-18 CVD Reactor 
Gas Cooler 
(4th Stage ) 

19.0 

21.9 

22. 

H-19 Gas Heater 

10.6 

12.2 

23. 

R-Oi Hydrochlorina- 
tion Reactor 

179.0 

205.9 

24. 

R-02 TCS Redistribution 
Reactor 

21.0 

24.2 

25. 

R-03 Waste 
Neutralizer 

17.5 

20.1 

26. 

R-04 Waste Combuster 

12.8 

14.7 

27. 

R-05 CVD Depost ion 
Reactor (45) 

122.0 ea. 

140.3 ea. 

28. 

B-Ol Silicon Storage 
Bin with Feed Lock 

29.8 

34.3 
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TABLE 3.2-8 


(Continued) 


Equipment Cost, $1,000 
1980 dollars 1982 dollars 


29. 

T-01 Residue 
Settling Tank 

83.2 

101.4 

30. 

T-02 Residue Withdraw Tank 

8.5 

9.8 

31. 

T-03 Hydrogen Separation 
Tank 

20.7 

23.8 

32. 

T-04 Crude TCS 
Storage Tank 

34.9 

40.1 

33. 

T-05 TCS Stripper 
Reflux Drum 

4.4 

5.1 

34. 

T-06 TCS/TET Distilla- 
tion Reflux Drum 

8.4 

9.7 

35. 

T-07 TET Storage Tank 

19.9 

22.9 

36. 

T“08 DCS/TCS Distilla- 
tion Reflux Drum 

9.6 

11.0 

37. 

T-09 Vapor-Liquid 
Separator 

15.8 

18.2 

38. 

T-10 Vapor-Liquid Separator 

17.8 

20.5 

39. 

T-11 Flue Gas 
Separation Tank 

1.7 

2.0 

40. 

T-12 Lime Solution 
^reparation Tank 

7.2 

8.5 

41. 

T-13 Waste Filtrate 
Storage Tank 

5.9 

6.8 

42. 

T-14 Hydrogen Surge Tank 

6.0 

6.9 

43. 

C-OIA Hydrogen Feea Compressor 
First Stage 

43.0 

49.5 
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TABLE 3.2-8 


(Continued) 


Equipment Cost, $1,000 




1980 dollars 

l982..doUai:a 

44. 

C-OIB Hydrogen Feed Compressor 
Second Stage 

46.4 

53.4 

45. 

C-02 Hydrogen Circulation 
Compressor 

20.3 

' 23.3 

46. 

P-01 Feed Tank Blower 

16.0 

18.4 

47. 

P-02 Settling Tank 
Circulation Pump 

9.8 

11.3 

48. 

P-03 Crude TCS Pump 

2.5 

2.9 

49. 

P-04 TCS Reflux Pump 

4.3 

4.9 

50. 

P-05 TET Feed Pump 

5.8 

6.7 

51. 

P-06 DCS Reflux Pump 

3.8 

4.4 

52. 

P-10 Waste Solution Pump 

.9 

1.0 

53. 

r 11 Lime Solution 
Circulation Pump 

.9 

1.0 

54. 

P-12 Fresh Lime 
Solution Pump 

.9 

1.0 

55. 

C-03 Gas Compressor 

128.5 

147.8 

56. 

M-01 Silicon Dust Filter 

1.5 

1.7 

57. 

K-02 Waste Slurry Filter 

3.8 

4.4 

58. 

M-03 Silicon Feer^ Cyclone 

2.0 

2.3 

59. 

M-04 Quench Contact Ejector 

9.5 

10.9 

60. 

M-05 Flue Gas Ejector 

1.8 

2.1 

61. 

M-06 Adsorption Tower (3) 

45.5 ea. 

52.3 ea. 
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TABLE 3.2-8 


(Continued) 


Equipment Co8t» $1^000 
1980 dollars 1982 dollars 


62. 

M-07 

Boron Removal Unit (2) 

9.5 ea. 

10.9 ea. 

63. 

M-08 

Vent Scrubber 

17.1 

19.7 

64. 

M-09 

Slim Rod Pullers (5) 

21. ea. 

24.2 ea. 

65. 

M-10 

Catalyst Blender 

21.8 

25.1 

66. 

M-11 

Recovery System Pump 

1.4 

1.6 

67. 

M-12 

Hydrogen Storage Tank 

53.0 

61.0 



Total 

7,113.0 

8,180.0 


c- - 
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PRODUCTION LABOR COST FOR HSC PROCESS - CASE B 
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TABLf 3.2-10 


ESTIMATION OF PLANT INS/ESTMENT FOR 


1. DIRECT PLANT INVESTMENT COSTS 

1. Major Procoso Equipoa n t Cost 

2. Installation of Procass Equi p aant 

3. Procass Piping, Installad 

4. Instruaantation, Installad 

5. Elactrical, Installad 

6. Procass Building, Installad 

la. SUBTOTAL FOR DIRECT PLANT INVESTMENT 
iPRIMARILY BATTERY LIMIT FACILITIES) 

2. OTHER DIRECT PLANT INVESTMENT COSTS 

1. Utilitias, Installad 

2. Ganaral Sarvica, Site Davalopaant, 
Fira Protection, ate. 

3. G e n e r al Buildings, Offices, ate 

4. Receiving, Shipping Facilities 

2a.SUBT0TAL FOR OTHER CIRECT 
PLANT INVESTMENT COST 
(PRIMARILY OFFSET FACILITIES) 

3. TOTAL DIRECT INVESTMENT COSTS, la4-2a 

4. INDIRECT PLANT INVESTMENT COSTS 

1. Engineering, Overhead, etc 

2. Noraal Cant. *ar Strikes, etc 

4a. TOTAL INDIf^CT INVESTMENT COST 

5. TOTAL DIRECT AND INDIRECT 
INVESTMENT COST, 3+4a 

6. OVERALL CONTINGENCY 

7. FIXED CAPITAL INVESTMENT FOR PLANT 3^ 
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HSC PROCESS-CASE B 

ipyBBteBOt-tAgOg 

1900 1982 

DpUbti SbUkb 


7,113.0 8,100.0 

3.058.6 3,S17.4 

5.263.6 6,053.2 

1,351.5 1,554.2 

711.3 818.0 

711.3 818.0 

18,209.3 20,940.7 


3,414.2 3,926.4 

853.6 981.6 

995.8 1,145.2 

1,493.7 1,717.8 

6,757.4 7,771.0 


24,966.6 28,711.6 


3.912.2 4,499.0 

5.050.2 5,007.8 

8,962.4 10,306.7 

33,929.0 39,018.4 


1,696.5 1,950.9 


35,625.5 40,969.3 



TABLE 3.2-11 

ESTIHATION OF TOTAL PRODUCT COST FOR HSC PROCESS-CASE B 


SSSIj.-iZi^g.9l-Siii£9Q 

1980 1982 

BsLIuri 69ILK1 


1. 

Dir 

ect HenuTecturing Cost 




(DirKt Charges) 




1. 

Ree Meter i els 

2.660 

3.070 


2. 

Direct Operating Labor 

I.ISO 

1.380 


3. 

Utilities 

4.745 

5.694 


4. 

Supervision end Clerical 

0.173 

0.207 


5. 

Maintenance end Repairs 

3.562 

4.097 


6. 

Operating Supplies 

0.712 

0.819 


7. 

Laboratory Charge 

0.173 

0.207 

2. 

Indirect Menu-fee taring Cost 




(Fixed Cherges) 




1. 

Depreciation 

3.562 

4.097 


2. 

Local Taxaa 

0.712 

0.819 


3. 

Inauranca 

0.356 

0.410 

3. 

Plant Ovarh^ad 

1.862 

2.181 

4. 

By-Prcxluct Credit 



4a. 

Total Manuf acturing Coat, 1^2^3**^4 

19.667 

22.982 

5. 

Generel Expenses 




1. 

Adel n i str at i on 

1.180 

1.379 


2. 

Diatribution and Salaa 

1.180 

1.379 


3. 

Research and Devel poeent 

0.590 

0.689 

6. 

Total Coat oT Product, 4a'«-S 

22.617 

26.429 
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4. 


CONCLUSIONS 


The following conclusions are made as a result of analyses conducted 
for new technologies and processes being developed for the production of 
lower cost silicon for solar cells: 

1. Chemical engineering analyses involving the preliminary process 
design of a plant (1,000 metric tons/year capacity) to produce silicon 
via the technology under consideration were accomplished for the follow- 
ing processes: 


* HSC Process for Silicon - Case A 
. HSC Process for Silicon - Case B 

In Case A of the HSC process (Hemlock Semiconductor Corporation), the feed 
to the redistribution reactor is comprised of the bottom stream from the 
third distillation unit. In Case B, the redistribution reactor feed is 
composed of the distillate stream from the second distillation unit. 

For each case, major activities in the chemical engineering analyses 
included base case conditions, reaction chemistry, process flowsheet, 
material balance, energy balance, property data, equipment design, major 
equipment list, production labor and forward for cost analysis. The 
process design package provided detailed data for raw materials, utilities, 
major process equipment and production labor requirements necessary for 
silicon production in each process. 

2. Cost analyses were accomplished for the following processes under 
consideration for the production of silicon: 


, HSC Process for Silicon - Case A 
. HSC Process for Silicon - Case B 

Primary activities in the cost analyses involved process design inputs, 
base case conditions, raw material costs, utility costs, major process 
equipment costs and production labor costs in the estimation of plant 
investment and total product cost. 

3. The cost analysis results for producing silicon by the HSC process- 
Case A are presented including costs for raw materials, labor, utilities 
and other items composing the product cost (total cost of producing silicon). 
The results indicate a total product cost without profit of $22.65 (1980 
dollars) and $26.46 (1982 dollars) per kg. The profitability analysis 
results disclose a sales price of $35.86 (1982 dollars) per kg of silicon 
at 15 per cent DCF (discounted cash flow) rate of return on investment 
af ter taxes . 
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These cost and profitability results for the HSC process * Case A 
indicate that this x:ev technology shovs promise for producing silicon 
at appreciable lower cost and comprises an alternate process capable 
of providing a less costly silicon material for solar cells. 

4. The cost analysis results for producing silicon by the HSC process -- 
Case B (Hemlock Semiconductor Corporation) are presented including 
costs for raw materials, labor, utilities and other items composing the 
product cost (total cost of producing silicon). The results give a total 
product cost without profit of $22.62 (1980 dollars) and $26.43 (1982 
dollars) per kg. For profitability, the analysis indicates a sales 

pric e of $35.67 (1982 dollars) per kg of silicon at 15 per cent DCF 
(discounted case flow) rate of return on investment after taxes. 

These cost and profitability results for the HSC process - Case B 
indicate that this new technology shows promise for producing silicon 
at appreciable lower cost and comprises an alternate process capable 
of providing a less costly silicon material for solar cells. 

5. A comparison of Cases A and B of the HSC process is given below 
for product cost: 


$/KG OF SILICON 


. Product Cost 
(1980 dollars) 


Case A Case B 

22.65 22.62 


. Product Cost 
(1982 dollars) 


26.46 26.43 


The comparison indicates that Case B exhibits slightly lower product 
cost ($26.43 vs $26.46 in 1982 dollars). 

Although the cost for producing silicon in Case B is lower than 
Case A, it should be emphasized that the magnitude of the difference in 
product cost is relatively small ($0,03 out of $26.46 per kg in 1982 
dollars). This small difference in product cost is probably in the 
noise level of the analysis. 

6. The comparison of plant investment including fixed and working 
capital for Cases A and B is summarized below: 
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$ MILLION 


. Plant Investment 
(1980 dollars) 

. Plant Investment 
(1982 dollars) 


CASE 


CASE B 

39. 

29 

39.19 

45. 

18 

45.07 


The comparison discloses that plant investment is slightly lower ($45.07 
vs $45.18 milli'^n in 1982 dollars) for Case B. 

For the lower plant investment for producing silicon in Case B, 
it should also be noted that the magnitude of the difference is 
relatively small ($110,000 out of $45,180,000 in 1982 dollars). This 
small difference in plant investment is probably in the noise level 
of the analysis. 
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APPENDIX A1 SELECTED PROCESS ENGINEERING FOR C PROCESS - CASE A 

APPENDIX Al.1-1 

DESIGN SPECIFICATIONS FO* DISTILLATION, D-01 

Issue No. Issue 1 

1. Process Equipment Name Distillation, D-01 (Stripper Column) 

2. Process Equipment Function Removes volatile gases from 

liquid chlorosilanes 

3. Feed Specifications 


1. 

No. of Feeds 

1 

2. 

3. 

No. of Feed Components 8 

Feed Components "2- “2’ 

4. 

Feed Concentration 

See Plate-To-Plate* 

5. 

Feed Temperature 

lOOF (37. 8C)* 

6. 

Feed Pressure 

90 psia 

7. 

Light Key - LK 

Hydrogen Chloride, HCl 

8. 

Heavy Key - HK 

Trichlorosilane, SiHClp^ (TCS) 


4. Distillate Specifications 

1. Recovery of Light Key (LK) in Distillate 98.6 Z 

2, Concentration Spec. low chlorosilanes 

5. Bottoms Specifications 

1. Recovery of Heavy Key (HK) in Bottoms 99.9 % 

2. Concentration Spec. low volatile gases 

6. General Specifications 

1. Pressure for Distillation 90 psia 

2. Condenser Type partial 

Vapor from top tray is cooled and collected in accumulator. Liquid 
from accumulator is returned to column as reflux. Vapor from accumulator 
is overhead distillate for the column. 

* Feed concentration is from Union Carbide Final Report (June, 1979): pg . 212 
(flowsheet, stream 125) and pg. E-9 (stream 125 composition, issue 2) 

X = f i _ moles of i in feed 

Fi F total moles 
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APPENDIX Al.1-2 


DESIGN RESULTS FOR DISTILLATION, D-01 


Issue No. 


Issue 1 


1. Process Equipment Name Distillation, D~01 (Stripper Column) 

2. Equipment Specifications 

1. No. of Equilibrium Trays N ■ 13 

2. No. of Equilibrium Feed Tray Np ■ 9 

3. Tray Efficiency 50 % 

4. No. of Actual Trays N ^ * 26 

^ actual 

5. No. of Actual Feed Tray N„ ^ ■ 18 

^ F, actual 

6. Tray Spacing 18 in. 

7. Type of Tray Sieve 

8. Column Diameter 1.5~2 (use) ft. 

9. Column Height 39 ft. -tends ft. 

10. Reflux Ratio R ■ 1.90 

11. Design Temp. Top ■ ~29 C (-21F) 

Bottom = 11^ C (242F) 

12. Design Pressure 90 psia 

13. Materials of Construction 3/2 nickel steel 

3. Product Specifications 

1. Feed Specifications 

1. Feed Concentration See Item 7 of De sign Spec. 

2. Light Key - LK Hydrogen Chloride, HCl 

3. Heavy Key - HK Trichlorosilane, SiHCl^ (TCS) 

2. Distillate Specifications 

1. Recovery of Light Key (LK) in Distillate 98.6 % 

2. Concentration Spec. Low Chlorosilanes 

3. Bottoms Specifications 

QQ Q 

1. Recovery of Heavy Key (HK) in Bottoms X 

2. C'>n('entratioD Spec. Low Volatile Gases 
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(Continued) 


4. Results for Number of Trays 

Reflux Ratio, No. of Equil. Trays, 

R N 


1.28 

29 

58 

1.31 

22 

44 

1.40 

IP 

36 

1.53 


32 

1.78 

14 

28 

1.91 

13 

26 

2.23 

12 

24 

2.54 

11 

22 

3.18 

10 

20 

3.82 

9 

18 

4.77 

9 

18 


No. of Actual Trays, 

N „ n 

actual 
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APPENDIX Al.1-3 


PLATE-TO-PLATE RESULTS FOR DISTILLATION, D-01 

TREI'S REPORT ON DISTILLATION DESIGN 


DESIGN BASIS 


ORIGINAL PAGE IS 
OF POOR QUALITY 


1. NAME OF TOWER HSC D-Ol 

2. NUMBER OF COMPONENTS 8 

3. NUMBER OF FEEDS 1 

A. LIGHT KEY 4 

5. HEAVY KEY 7 

6. TYPE OF CONDENSER 2 


7. TOWER PRESSURE, mmHg 

8. REFLUX RATIO ,R 

9. DISTILLATE IN Ib-mole/hr 

1 0 . CONVERGENCE TOLERANCE 


4653.060 

1.900 

3.854 

0.5000E-03 


11. SYSTEM IDENTIFICATION AND ANTOINE COEFFICIENTS 


H2 

5.92100 

71.62000 

276.35000 

N2 

6.61130 

264.65100 

266.36200 

SiH4 

7.09738 

703.98700 

278.50200 

HCl 

7. 16759 

744.48900 

258.55000 

MCS 

6.62743 

753.84900 

231.55900 

DCS 

6.98990 

1034.46000 

243.40600 

TCS 

6.78393 

1014. 10000 

227.87200 

TET 

6.93126 

1178.84000 

233.79700 

12. FEEDS 




TRAY NUMBER 

9 



FLOWRATE , mol e/hr 

0. 1782E+03 



PRESSURE, mmHg 

0.4653E+04 



THERMAL COND. 

0. lOOOE+01 



TEMPERATURE, C 

0.9856E+02 



X (H2) 

0.2057E-01 



X (N2) 

0. 1900E-04 



X (SiH4) 

0.3000E-05 



X (HCl ) 

0. 4960E-03 



X (MCS) 

0.6400E-04 



X (DCS) 

0.5819E-02 



X (TCS) 

0. 2498E+00 



X (TET) 

0. 7233E+00 
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APPENDIX A1 . 1-3 

(Continued) 


ORIGINAL PAGE ii> 
OF POOR QUALITY 


DESIGN RESULTS 


1. TOTAL NUHBER OF TRAYS 
. FEED TRAYS 
. REFLUX RATIO 
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APPENDIX A1 . 1-3 
(Continued) 


ORIGINAL PAGE IS 
OF POOR QUALITY 


4. FEEDS 


TRAY NUMBER 

9 

FLOWRATE, mol e/hr 

0. 1782E+03 

PRESSURE, mmHg 

0.4653E+04 

THERMAL COND. 

0. lOOOE-t-01 

TEMPERATURE, C 

0.<^856E+02 

X(H2) 

0.2057E-O1 

X <N2) 

0. 1900E-04 

X (SiH4) 

0.3000E-05 

X <HC1 ) 

0. 4960E-03 

X (MCS) 

0.640OE-04 

X (DCS) 

0.5819E-02 

X <TCS) 

0.2498E+O0 

X(TET) 

0. 7233E+00 

5. DISTILLATE AND 

BOTTOM 


Disti 1 late 

FLOWRATE , mol e/hr 

0. 3854E+01 

PRESSURE, mmHg 

0.4653E+04 

TEMPERATURE, C 

-.2514E+02 

X(H2) 

0.9550E+00 

X (N2) 

0. 8024E-O3 

X (SiH4) 

0. 1387E-03 

X (HCl ) 

C.2261E-01 

X (MCS) 

0.8397E-03 

X (DCS) 

O. 1689E-01 

X (TCS) 

0. 3607E-02 

X (TET) 

0.9756E-05 


Bottom 

PARTIAL CONDENSER 

O. 1743E+03 
0.4653E+04 
O. 1175E+03 
0.9820E-06 
O. 1254E-0? 

O. 1692E-07 
O. 1082E-04 
0.4867E-04 
0.5707E-02 
0.25S1E+00 
0.7391E+00 
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OF POOR QUALITY APPENDIX Al. 1-3 

(Continued) 


TRAY PROFILE 

TRAY NUMBER = 1 

COMP 

X(I) 

H2 

0. 1043E-01 

N2 

0. 1333E-04 

SiH4 

0. 3569E-04 

HCl 

0. 1321E-01 

MCS 

0. 5204E-02 

DCS 

0.5853E+00 

TCS 

0. 382AE+00 

TET 

0. 3375E-02 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE =» 

TRAY NUMBER * 2 

COMP 

X (I> 

H2 

0.3042E-02 

N2 

0. 2245E-05 

SiH4 

0. 2976E-05 

HCl 

0. 1045E-02 

MCS 

0. 1420E-02 

DCS 

0. 4214E+00 

TCS 

0. 5624E+O0 

TET 

0. 1071F-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 3 

COMP 

X ( I ) 

H2 

0.2974E-02 

N2 

0.2123E-05 

SiH4 

0. 1919E-05 

HCl 

0. 4892E-03 

MCS 

O- 4171E-03 

DCS 

0. 2636E+00 

TCS 

0. 7041E+00 

TET 

0.2843E^01 

TEMPERATURE 

L IQUID 

FLOWRATE = 

VAPOR 

FLOWRATE == 


Y(I) 

0.9550E+00 
O. 8824E-03 
O. 1387E-03 
0.2261E-01 
0.8397E-03 
O. 1689E-01 
0.3607E-02 
0.9756E-05 
-30.635 C 

7.323 lb-«ole/hr 

11.177 lb-mol*/hr 


Y(I) 

0.3361E+00 
0.3130E-03 
0.7120E-04 
O. 1645E-01 
0.3699E-02 
0.3893E-I-00 
0.2518E+00 
0.2214E-02 
64.783 C 

7.323 lb-«nole/hr 

11.177 Ib-mole/hr 


Y<I) 

0.3313E^00 
0.3O57E-O3 
0.4977E-04 
0.8481E-02 
O. 1220E-O2 
0.2819E+00 
0.3697E-*-00 
0.7022E-02 
70.743 C 

7.323 Ib-mole/hr 

11.177 Ib-mole/hr 
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ORKjiNAL PAGE 18 
OF POOR QUALITY 


TRAY NUMBER = 4 

COMP 

X<I) 

H2 

0.2955E-02 

N2 

0. 2070E-05 

SiH4 

0. 1780E-05 

HCl 

0 • 43S3E“03 

MCS 

0. 1764E“03 

DCS 

0. 1493E+00 

TCS 

0.7811E-*“00 

TET 

0.6594E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 5 

COMP 

X (I) 

H2 

0. 2939E-02 

N2 

0.2026E-05 

SiH4 

0. 1685E-05 

HCl 

0. 4072E-03 

MCS 

0.11 78E-03 

DCS 

0.7885E-01 

TCS 

0. 7814E+00 

TET 

O. 1363E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE => 

TRAY NUMBER = 6 

CCMP 

X (I ) 

H2 

0.2923E-02 

N2 

0. 1<^84E“05 

SiH4 

0. 1597E~05 

HCl 

0. 3ei8E-03 

MCS 

0.9901E-04 

DCS 

0.3977E-01 

TCS 

0. 7057E+00 

TET 

0. 251 lE+OO 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y(I) 

0.3313E+00 
O. 3057E-03 
0.4907E-04 
0.B117E-02 
0.5628E-03 
O. 1785E+00 
0.4626E+00 
O. 1863E-01 
75.410 C 

7.323 lb— mole/hr 

11.177 Ib-mole/hr 


Y<I) 

0 . 33 1 3E+00 
0.3056E-03 
O. 4898E-04 
0.8082E-02 
0.4051E-03 
O. 1037E+00 
0.5130E+00 
0.4321E-01 
79.530 C 

7.323 lb— mole/hr 

11.177 Ib-mole/hr 


Yd) 

0.3312E+00 
O. 3056E-03 
0.4892E-04 
0.8063E-02 
0.3667E-03 
0.5748E-01 
0.5132E+00 
0.8928E-O1 
83.725 C 

7.323 Ib-mole/hr 

11.177 Ib-mole/hr 


lOS 



ORiGiMAL PAGc IS 
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(Continued) 


TRAY NUMBER * 7 

COMP 

XU) 

H2 

0.2905E-02 

N2 

0. 1938E-05 

SiH4 

0. 1505E-05 

HCl 

0 . 3556E-03 

MCS 

0.8812E-04 

DCS 

O. 1986E-01 

TCS 

0.5692E+00 

TET 

0.4076E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 8 

COMP 

XU) 

H2 

0.2887E-02 

N2 

O. 1890E-05 

SiH4 

0. 1413E-05 

HCl 

0.3298E-03 

MCS 

0.7916E-04 

DCS 

0. 1050E-01 

TCS 

0.4076E+00 

TET 

0.5786E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 9 

COMP 

XU) 

H2 

0. 2870E-02 

N2 

0. 1848E-05 

S1H4 

0. 1334E-05 

HCl 

0.3081E-03 

MCS 

0.7197E-04 

DCS 

0.6411E-02 

TCS 

0.2624E+00 

TET 

0.7279E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


YU) 

0.3312E+00 
0.3056E-03 
0.4886E-04 
0.8047E-O2 
O. 3544E-03 
0.3188E-O1 
0.4636E-I-00 
O. 1643E-K)0 
88.509 C 
7.323 Ib-mole/hr 
11.177 Ib-molc/hr 


Y(I) 

0.3312E+00 
O. 3055E-03 
0.488OE-O4 
0.8030E-02 
0.3473E-03 
O. 1884E-01 
O. 3742E+00 
O. 2670E+00 
93.721 C 
7 . 323 1 b— mol m/hr 
11.177 Ib-mole/hr 


YU) 

0.3312E+00 
0.3055E-03 
0.4874E-04 
0.8013E-02 
0.3414E-03 
0. 1271E-01 
O. 2683E+00 
0.3791E+00 
98.564 C 
185.503 Ib-flKJle/hr 
11.177 lb— molm/hr 
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TRAY NUMBER = 10 

COMP 

Xd) 

H2 

0.4052E-03 

N2 

0. 1729E-06 

SiH4 

0.5028E-06 

HCl 

0. 1547E-03 

MCS 

0.7204E-04 

DCS 

0. 6456E-02 

TCS 

0.2634E+00 

TET 

0.7295E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 11 

COMP 

X (I > 

H2 

0.5698E-04 

N2 

0. 1603E-07 

SiH4 

0. 1817E-06 

HCl 

0.7316E-04 

MCS 

0. 7000E-04 

DCS 

0.6446E-02 

TCS 

O. 2635E+00 

TET 

0. 7298E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 12 

COMP 

X < I ) 

H2 

0. 7897E-05 

N2 

0. 1474E-08 

SiH4 

^ 1 6 1 E “ 0 7 

HCl 

0- 3174E-04 

MCS 

0.6423E-04 

DCS 

U- <b345E“02 

TCS 

(_) , 2 3^.^E 

TET 

0- 7306E+C0 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y<I) 

0.4762E-01 
0.3067E-04 
0.2189E-04 
0.4945E-02 
0.4360E-03 
0. 1748E-01 
0.3764E-KK) 
0.5531E+00 
1 14.588 C 

185.503 lb-«ol»/hr 

11.177 Ib-mole/hr 


Y ( I ) 

0.6711E-02 
0.2868E-05 
0.8082E-05 
0.2399E-02 
0.4366E-03 
0. 1814E-01 
0.3925E+00 
0.5798E+00 
116.687 C 

185.503 Ib-mole/hr 

11.177 Ib-mole/hr 


Yd) 

0. 9304E-03 
0. 2641E-06 
0.7751E-05 
0. 10'i6E-02 
0.4027E-C3 
O. 1798E-0: 

O. 3945E+00 
0. 5851E+00 
117.054 C 

1R5.503 Ib-mole/hr 

1 1 . 177 Ib-mole/hr 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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APPENDIX A1 . 1-3 

(Continued) 


TRAY NUMBER = 13 

COMP X ( I ) 

H2 0.9820E-06 

N2 O. 1254E-09 

SiH4 O. 1692E-07 

HCl O. 1082E-04 

MCS 0.4867E-04 

DCS 0.5707E-02 

TCS 0.2551E+00 

TET 0.7391E+00 

TEMPERATURE « 

LIQUID FLOWRATE = 
VAPOR FLOWRATE = 


Y(I) 

0. 1158E-03 
0.2251E-07 
0.7586E-06 
0.3581E-03 
0.3069E-03 
0. 1629E-01 
0.3858E+00 
0.S972E-t-00 
117.454 C 

185.503 Ib-mole/hr 
11.177 Ib-mole/hr 
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APPENDIX A1 . 2-1 

OF POOR QV3^U^ 

DESIGN SPECIFICATIONS FOR DISTILLATION, D-02 

Issue No. 1 

1. Process Equipment Name Distillation, P-02 (TCS Column) 

2. Process Equipment Function Separation of TCS (Trichlorosilane) and 

TET (Tetrachlorosilane) . 

3. Feed Specifications 


1. 

No. of Feeds 

3 

2. 

No. of Feed Components ^ 

3. 

Feed Components 

MCS. DCS. TCS. TET 

4. 

Feed Concentration See Plate-To-Plate 

5. 

Feed Temperature 

See Plate-To-Plate 

6. 

Feed Pressure 

See Plate-To-Plate 

7. 

Light Key “ LK ^ 

Trichlorosilane (TCS) 

8. 

Heavy Key - HK 

Tetrachlorosilane (TET) 


A. Distillate Specif ications 

Recovery of Light Key (LK) in Distillate 96.6 Z 
2, Concentration Spec. Low in TET 

5. Bottoms Specifications 

1. Recovery of Heavy Key (HK) in Bottoms 98,1 Z 

2. Concentration Spec. Low in MCS , DCS and T CS 

6. General Specifications 

1. Pressure for Distillation gp psia 

2. Condenser Type Total 
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ORIGINAL PAGE 13 
OF POOR QUALITY 


DESIGN RESULTS FOR DISTILLATIOL\ D-02 


Issue No. 


1, Process Equipment Name Distillation, D-02 ^TCS Column) 

2. Equipment Specifications 

... 20 

1. No. of Equilibrium Trays N • 

2. No. of Equilibrium Feed Tray N„ * 9, 12, 15 

F ■ ' 

3. Tray Efficiency 63 X 

4. No. of Actual Trays N , 32 

actual 

5. No. of Actual Feed Tray N_ ^ . ■ 16, 19, 24 

F, actual 

6. Tray Spacing 24 in. 

7. Type of Tray Single Pass Fl ow Seive Tray 

8. Column Diameter 3 . 5 ft. 

9. Column Height 64 ft. ends f^. 

10. Reflux Ratio R = 2.0 

11. Design Temp. Top = 91 

Bottom = ^26 C 

12. Design Pressure 90 psia 

13. Materials of Construction Steel 


3. Product Specifications 

1. Feed Specifications 

1. Feed Concentration See Item 7 of Des ign Spec 

2. Light Key - LK Trichlorosilane (TCS ) 

3. Heavy Key - HK Tetrachlorosilane (tET) 


2. Distillate Specifications 

1. Recovery of Light Key (LK) in Distillate 96.6 % 

2. Concentration Spec. See Plate-To-Plate 

3. Bottoms Specifications 

1. Recovery of Heavy Key (HK) in Bottoms 98.1 % 

2. Concentration Spec. See Plate-To-Plate 


no 



APPENDIX Al.2-2 
(Continued) 


4. Results for Number of Trays 


Reflux Ratio, 
R 

No. of Equil. Trays, 
N 

No. of Actual Trays 
l^actual 

1 

35 (16, 26, 30) 

56 

1.2 

26 (13, 18, 20 

42 

1.6 

22 (10, 13, 16) 

35 

2 

20 (9, 12, 15) 

32 

2.5 

18 (7, 10, 13) 

29 

3.5 

16 (6, 9, 12) 

26 

4.5 

15 (6, 8, 11) 

24 


NOTE : 

Numbers in parentheses give feed plate location* For case of R * 2, 
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APPENDIX Al.2-3 


PLATE-TO-PLATE RESULTS FOR DISTILLATION, D-02 

TRE1*S REPORT ON DISTILLATION 0E8I6N 

DESIGN BASIS 


1. NAME OF TOWER HSC D-02 

2. NUMBER OF COMPONENTS 4 

3. NUMBER OF FEEDS 3 

4. LIGHT KEY 3 

5. HEAVY KEY 4 

6. TYPE OF CONDENSER 1 


7. TOWER PRESSURE, mmHg 4653.060 

8. REFLUX RATIO ,R 2.000 

9. DISTILLATE IN Ib-mole/hr 256.030 

10. CONVERGENCE TOLERANCE 0. lOOOE-01 


11. SYSTEM IDENTIFICATION AND ANTOINE COEFFICIENTS 


MCS 

6.62743 

753.84900 

321.55900 

DCS 

6.98990 

1034.46000 

243.40600 

TCS 

6.78393 

1014. 10000 

227.87200 

TET 

6.93126 

1178.84000 

233.79700 

12. FEEDS 

TRAY NUMBER 

8 

11 

14 

FLOWRATE, mole/hr 

0.2302E+03 

0. 1525E+02 

0. 1743E+03 

PRESSURE, mmHg 

0.4653E+04 

0.4653E+04 

0. 4653E+04 

THERMAL COND. 

0. lOOOE+01 

0. lOOOE+01 

0. lOOOE+01 

TEMPERATURE, C 

0. lOOOE+03 

0. 1073E+03 

0. 1174E+-03 

X (MCS) 

0. 5000E-02 

0 . OOC OE+00 

0. OOOOE+00 

X (DCS) 

0. lOOOE+00 

0. 1670E+00 

0.5500E-02 

X (TCS) 

0.7850E+00 

0.5670E+00 

0.2552E+00 

X (TET) 

0. llOOE+00 

0.2660E+00 

0. 7393E+00 
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(Continued) 


DESIGN RESULTS 


1. TOTAL NUMBER OF TRAYS 
. FEED TRAYS 
. REFLUX RATIO 


19 

a 11 14 


Nf 


Nf 


Nf 


Nt 



ORIGINAL PAGE ?3 
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4. FEEDS 

TRAY NUMBER 
FLOWRATE, mole/hr 
PRESSURE, mmHg 
THERMAL COND. 
TEMPERATURE, C 
X (MCS) 

X (DCS) 

X (TCS) 

X <TET) 

5. DISTILLATE AND 


FLOWRATE , mol e/hr 
PRESSURE, mmHg 
TEMPERATURE, C 
X (MCS) 

X (DCS) 

X (TCS) 

X (TET) 


APPENDIX Al.2-3 
(Continued) 


ORIGINAL PAGE IS 
OF POOR QUALITY 


8 

11 

14 

0.2302E+03 

0. 1525E+02 

0. 1743E+03 

0.4653E+04 

0.4653E+04 

0.4653E+04 

0. lOOOE+01 

0. lOOOE+01 

0. lOOOE+01 

0. lOOOE+03 

0. 1073E+-03 

0. 1174E+03 

0.5000E-02 

O.OOOOE+00 

O.OOOOE+00 

0. lOOOE+00 

0. 1670E-«-00 

0. 5500E-02 

0.7850E+00 

0.5670E+00 

0.2552E+00 

0. llOOE+00 

0.2660E+00 

0.7393E+00 

BOTTOM 

Distill ate 

Bottom 

TOTAL CONDENSER 

0.2560E+03 

0. 1638E+03 


0.4653E+04 

0.4653E+04 


0.9087E+02 

0. 1259E+03 


0.4499E-02 

0.6225E-17 


0. 1034E+00 

0.6635E-05 


0.8853E+00 

0.3918E-01 


0.6766E-02 

0.9608E+00 
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(Continued) 


OF POOR 


quality 


TRAY PROFILE 


TRAY NUMBER = 1 

COMP 

X (I) 

MCS 

0.3174E-03 

DCS 

0.5574E-01 

TCS 

0.9299E+00 

TET 

0. 1407E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 2 

COMP 

Xd) 

MCS 

0. 1195E-03 

DCS 

0.3776E-01 

TCS 

0. 9385E+00 

TET 

0.2357E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPUR 

FLOWRATE = 

TRAY NUMBER = 3 

COMP 

X (I) 

MCS 

0. 1096E— 03 

DCS 

0.3109E-01 

TCS 

0. 9329E+00 

TET 

0. 3589E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 4 

COMP 

X(I) 

MCS 

0. 1087E~03 

DCS 

0- 2850E-01 

TCS 

0.9197E*^00 

TET 

0„5170E-01 

TEMPERATURE 

LIQUID 

FLOWRATE =- 

VAPOR 

FLOWRATE = 

TRAY NUMBER == 5 

COMP 

X<I> 

MCS 

0. 1081E-03 

DCS 

0.2733E-'01 

TCS 

0, 90O9E^OO 

TET 

0.7163E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Yd) 

0.4499E-02 
O. 1034E+00 
0.8853E+00 
0.6766E-02 
95.346 C 

512.060 Ib-mole/hr 

768.090 Ib-mole/hr 


Y<!) 

O. 1711E-02 
0.7163E-01 
0.9150E+00 
0. 1164E-01 
96.410 C 

512.060 Ib-mole/hr 

766.090 Ib-mole/hr 


Y<I) 

O. 1579E-02 
0.5965E-01 
0.9208E+00 
0. 1797E-01 
96.966 C 

512.060 Ib-mole/hr 

768.090 Ib-mole/hr 


Yd) 

0. 1573E-02 
0.5520E-01 
0.9171E+00 
0.2618. 01 
'^•’.427 C 

512.060 Ib-mole/hr 

768.090 Ib-mole/hr 

Yd) 

0. 1572E-02 
0.5347E-01 
0.9082E+00 
0.3672E-01 
97.924 C 

512.060 Ib-mnle hr 

768.090 Ib-mole/hr 
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TRAY NUMBER = 6 

COMP 

Xd) 

MCS 

0. 1075E-03 

DCS 

0.2661E-01 

TCS 

0.8771E+O0 

TET 

O.9615E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 7 

COMP 

Xd) 

MCS 

0. 1067E-03 

DCS 

0.2599E-01 

TCS 

0.a485E+00 

TET 

0. 1254E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPGF 

FLOWRATE = 

TRAY NUMBER = 8 

COMP 

X d ) 

MCS 

0. 1058E-03 

DCS 

0. 2537E-01 

TCS 

0.8155E+00 

TET 

0. 1591E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 9 

COMP 

Xd) 

MCS 

0.6817E-05 

DCS 

0. 1365E-01 

TCS 

0. 7693E+00 

TET 

0. 2171E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 10 

COMP 

Xd) 

MCS 

0. 4858E— 06 

DCS 

0. 7940E-02 

TCS 

0. 6932E+00 

TET 

0. 2988E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y (I ) 

0. 1572E-02 
0.5269E-01 
0.8957E+00 
0.500 IE- 01 
98.512 C 
512.060 Ib-mole/hr 

768.090 Ib-mole/hr 


Yd) 

0. 1571E-02 
0.5221E-01 
0.8799E+00 
0.6636E-01 
99.212 C 
512.060 Ib-mole/hr 

768.090 Ib-mole/hr 


Yd) 

0. 1571E-02 
0.5180E-01 
0.8608E+00 
0.8586E-01 
100.028 C 

742.290 Ib-mole/hr 

768.090 Ib-mole/hr 


Yd) 

0. 1032E-03 
0.2901E-01 
0.8479E+00 
0. 1230E+OO 
102.032 C 

742.290 Ib-mole/hr 

768.090 Ib-mole/hr 


Yd) 

0.7521E-05 
0. 1768E-01 
0.8032E+00 
0. 1791E+00 
104.377 C 

742.290 Ib-mole/hr 

768.090 iD-mole/hr 
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TRAY NUMBER = 11 

COMP 

X (I) 

ties 

0.8811E-07 

DCS 

0.5163E-02 

TCS 

0. 5926E+00 

TET 

0. 4022E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE 

TRAY NUMBER = 12 

COMP 

X ( I ) 

MCS 

0.6202E-07 

DCS 

0. 2489E-02 

TCS 

0.4787E+00 

TET 

0. 5188E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 13 

COMP 

X ( I ) 

MCS 

0. 5853E-07 

DCS 

0. 1350E-02 

TCS 

U • 3cjib7E+O0 

TET 

0.6319E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER == 14 

COMP 

X ( I ) 

MC. 

• *. 5669E— 07 

DCS 

0. 8805E-03 

TCS 

0. 2716E+00 

TET 

0. 7275E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER == 15 

COMP 

XU) 

MCS 

0. 3432E--12 

DCS 

0 . 3595E— 03 

TCS 

0. 2051E+00 

T 

0. 7945E+00 

TEMPERATURE 

L IQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y(I) 

0. 1402E-05 
0. 1217E-01 
0.7298E+00 
0.2581E+00 
107.280 C 
757.540 Ib-mole/hr 

768.090 Ib-mole/hr 


Y(I) 

0. 1020E-05 
0.6271E-02 
0.6330E+00 
0.3607E-K)0 
110.749 C 
757.540 Ib-mole/hr 

768.090 Ib-mole/hr 


Y(I) 

0.9940E-06 
0.3634E-02 
O. 5206E+00 
0.4757E+00 
114.268 C 
757 540 Ib-mole/hr 

768.090 Ib-mole/hr 


Y<I) 

0.9906E-06 
0.251 lE-02 
0.4102E+00 
0.5873E+00 
117.408 C 
931.870 Ib-mole/hr 

768.090 Ib-mole/hr 


Y( I) 

0.6123E-1 1 
O. 1070E-02 
0.3242E+00 
O. 6748E+00 
119.733 C 

931.870 Ib-mole/hr 

768.090 lb-mo? e/hr 
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TRAY NUMBER = 16 

COMP 

X(I) 

MCS 

0.2290E-13 

DCS 

0. 1407E-03 

TCS 

0. 1461E+00 

TET 

0. 8538E^00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 17 

COMP 

X (I) 

MCS 

0. 1505E-14 

DCS 

0.5310E-04 

TCS 

0.9925E-01 

TET 

0.9007E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 18 

COMP 

Xd) 

MCS 

0.9772E-16 

DCS 

0. 1931E-04 

TCS 

0.6424E-01 

TET 

O. 9357E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 19 

COMP 

X (I) 

MCS 

0.6225E-17 

DCS 

0.6635E-05 

TCS 

0.3918E-01 

TET 

0. 9608E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y(I) 

0.4164E-12 
0.4348E-03 
0.2405E+00 
0.7591E+00 
121.856 C 

931.870 Ib-mole/hr 

768.090 Ib-mole/hr 


Yd) 

0.2778E-13 
0. 1693E-03 
0. 1689E+00 
0.8310E+00 
123.588 C 

931.870 Ib-mole/hr 

768.090 Ib-mole/hr 


Yd) 

O. 1825E-14 
0.6301E-04 
O. 1121E+00 
0.8879E+00 
124.914 C 

931.870 Ib-mole/hr 

768.090 Ib-mole/hr 


Yd) 

0. 1172E-15 
0.2202E-04 
0.6959E-01 
0.9304E+00 
125.880 C 

931.870 Ib-mole/hr 

768.090 Ib-mole/hr 
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APPENDIX Al.3-1 

DESIGN SPECIFICATIONS FOR DISTILLATION, D-03 

Issue No. 1 

1. Process Equipment Name Distillation, D-03 (DCS Column) 

2. Process Equipment Function Separation of DCS (Dichlorosilane) and 

TCS (Trichlorosilane) ■ 

3 . Feed Specifications 


1 . 

No. of Feeds 

1 

2 . 

No. of Feed Components 

3. 

Feed Components 

MCS, DCS, TCS, TET 

4. 

Feed Concentrati 

.1 See Plate-To-Plate 

5. 

Feed Temperature 

See Plate-To-Plate 

6 . 

Feed Pressure 

90 Psia 

7. 

Light Key ~ LK 

Dichlorosilane (DCS) 

8 . 

Heavy Key - HK 

Trichlorosilane (TCS) 


A. Distillate Specifications 

1. Recovery of Light Key (LK) in Distillate . 1 X 

2, Concentration Spec. Low TCS, TET 

5. Bottoms Specifications 

1. Recovery of Heavy Key (HK) in Bottoms 99 7 Z 

2. Concentration Spec. Low in MCS, DCS 

6 . General Specifications 

1. Pressure for Distillation 90 psia 

2 . Condenser Type Partial 

Required amount for feed of CVD reactors is drawn from the top of 
this column in vapor phase • It is then inixtured with H 9 and fed 
to CVD reactor o. Only reflux flow is condensed and fed back to column. 
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APPENDIX Al.3-2 

DESIGN RESULTS FOR DISTILLATION, D-03 


Issue No. 

1. Process Equipment Name Distillation > D“03 (DCS Column) 

2. Equipment Specifications 

1. No. of Equilibrium Trays N » 20 

2. No. of Equilibrium Feed Tray N„ * 11 

r ' 

3. Tray Efficiency 63 Z 

4. No. of Actual Trays N ^ = 32 

actual 

5. No. of Actual Feed Tray N„ ^ * 1^ 

F, actual 

6. Tray Spacing 18 in. 

7. Type of Tray Single Pass Crossflow Seive Tray 

8. Column Diameter ^ ft. 

9. Column Height 48 ft. ends ft. 

10. Reflux Ratio R = 1^ 

11. Design Temp. Top = C 

Bottom “ Q 7 C 

12. Design Pressure 90 p sia 

13. Materials of Construction 

3. Product Specifications 

1. Feed Specifications 

1. Feed Concentration See Item 7 of Des ign Spec. 

2 . Light Key - LK Pi chi pros i lane (DCS) 

3 . Heavy Key - HK Trichiorosilane (TCS) 

2. Distillate Specifications 

1. Recovery of Light Key (LK) in Distillate 93.1 X 

2. Concentration Spec. See Plate-To-Plate 

3. Bottoms Specifications 

1. Recovery of Heavy Key (HK) in Bottoms 99.7 Z 

2. Concentration Spec, See Plate-To-Plate 
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APPENDIX Al.3-2 
(Continued) 


4. Results for Number of Trays 


Reflux Ratio, 
R 


No. of Equil. '^rays, 
N 


No. of Actual Trays 
actual 


12 

29 (13) 

47 

14 

23 (12) 

37 

15 

20 (11) 

32 

20 

18 (11) 

29 

25 

17 (10) 

27 

30 

16 (10) 

26 
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APPENDIX Al.3-3 

PLATE-TO-PLATE RESULTS FOR DISTILLATION, D-03 

TREI’S REPORT ON DISTILLATION DESIGN 


DESIGN BASIS 


1. NAME OF TOWER HSC D-03 

2. NUMBER OF COMPONENTS 4 

3. NUMBER OF FEEDS 1 

4. LIGHT KEY 2 

5. HEAVY KEY 3 

6. TYPE OF CONDENSER 3 


7. TOWER PRESSURE, mmHg 

8. REFLUX RATIO ,R 

9. DISTILLATE IN Ib-mole/hr 

1 0 . CONVERGENCE TOLERANCE 


4653.060 

15.000 

26.300 

0.5000E-03 


11. SYSTEM IDENTIFICATION AND ANTOINE COEFFICIENTS 


MCS 

6,62743 

753.84900 

231.55900 

DCS 

6.98990 

1034.46000 

243.40600 

ICS 

6.78393 

1014. 10000 

227.87200 

TET 

6.93126 

1 178.84000 

233.79700 

12. FEEDS 




TRAY NUMBER 

11 



FLOWRATE, mole/hr 

0.2565E+03 



PRESSURE, mmHq 

0.4653E+04 



THERMAL COND. 

0. lOOOE+01 



TEMPERATURE, C 

0.9337E+02 



X (MCS) 

0.4487E-02 



X (DCS) 

0. 1O34E+0O 



X (TCS) 

0.8856E+00 



X (TET) 

0.6476E-02 
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DESIGN RESULTS 


1. TOTAL NUMBER OF TRAYS 20 

. FEED TRAYS 11 

REFLUX RATIO 15 
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APPENDIX Al.3-3 
(Continued) 


4. FEEDS 


TRAY NUMBER 
FLOWRATE , mol e/hr 
PRESSURE, mmHg 
THERMAL COND. 
TEMPERATURE, C 
X (MCS) 

X (DCS) 

X (TCS) 

X (TET) 


11 

0.2565E+03 
0.4653E+04 
O. lOOOE+01 
0.9337E+02 
0.4487E-02 
O. 1O34E+00 
0.8856E+00 
0.^»476E-02 


5. DISTILLATE AND BOTTOM 

Distillate 


FLOWRATE , mol e/hr 
PRESSURE, mmHg 
TEMPERATURE, C 
X (MCS) 

X (DCS) 

X (TCS) 

X (TET) 


0.2630E+02 
0.4653E+04 
0.6525E+02 
O.4356E-01 
0.9390E+00 
O. 1747E-01 
O. 3055E-07 


ORICINAL page is 
POOR OUAUTV 


Bottom 

PARTIAL CONDENSER 

0.2302E+03 

0.4653E+04 

0.9742E+02 

0.4086E-07 

0.7623E-02 

0.983BE+00 

0.8595E-02 
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TRAY PROFILE 


TRAY NUMBER = 1 

COMP 

X (I) 

MCS 

0. 1583E-01 

DCS 

0.9480E+00 

TCS 

0.3617E-01 

TET 

0. 1358E-06 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 2 

COMP 

X <I) 

MCS 

0. 6209E-02 

DCS 

0.9240E+00 

TCS 

0.6980E-01 

TET 

0.5508E-06 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 3 

COMP 

X ( I ) 

MCS 

0. 2935E-02 

DCS 

0.86'96E+00 

TCS 

0. 1275E+00 

TET 

0.2113E-05 

TEMPERATURE = 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE - 

TRAY NUMBER = 4 

COMP 

X (I) 

MCS 

0. 1805E-02 

DCS 

0. 7798E+00 

TCS 

0.2184E+00 

TET 

0. 7588E— 05 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 5 

COMP 

X < I ) 

MCS 

0. 1373E-02 

DCS 

0. 6545E+00 

TCS 

0. 3441E+00 

TET 

0. 2490E-04 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

rLOWRAIE = 


APPENDIX Al.3-3' 
(Continued) 


Y(I) 

0.4356E-01 
0.9390E+00 
0. 1747E-01 
0.3055E-07 
67.587 C 

394.500 lb- mole/hr 

420.800 Ib-inole/hr 


Y(I) 

0. 1756E-01 
0.9474E+00 
0.3500E-01 
0. 1292E-06 
68.999 C 

394.500 Ib-mole/hr 

420.800 Ib-mole/hr 


Y(I) 

0.8544E-02 
0.9249E+00 
0.6653E-01 
0. 5183E-06 
70.509 C 

394.500 Ib-mole/hr 

420.800 lb— mole/hr 


Y(I) 

0.5474E-02 
0. 8739E+00 
0. 1206E+00 
0. 19S3E-05 
72.686 C 

394.500 Ib-mole/hr 

420.800 Ib-mole/hr 


Yvl) 

0. 4414E-02 
0. /897E+00 
0. 2059E+00 
0.71 16E-05 
75.814 C 

394.500 Ib-mole/hr 
47 .800 Ib-mole/hr 
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APPENDIX Al.3-3 
(Continued) 


TRAY NUMBER » 6 

COMP 

X ( I ) 

MCS 

0. 1161E-02 

DCS 

0. 5O86E+00 

TCS 

0. 4902E+00 

TET 

0.7315E-04 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 7 

COMP 

X (I) 

MCS 

0. 1025E-02 

DCS 

0. 3687E-^00 

TCS 

0. 6301 £4^00 

TET 

0. 1917E-03 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = B 

COMP 

X(I) 

MCS 

0.9298E-03 

DCS 

0. 2568E+00 

TCS 

0.7413E+00 

TET 

0. 4558E-03 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE ^ 

TRAY NUMBER = 9 

COMP 

X ( I ) 

MCS 

0. 8660E-03 

DCS 

0. 1792E+00 

TCS 

0.8189E-^00 

TET 

0. 1008E— U2 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

tray' NUMBER = 10 

COMP 

X (I ) 

MCS 

0.8259E-03 

DCS 

0. 1304E-«-00 

TCS 

O. 8666E+UU 

TET 

0. 2128E-02 

TEMPERATURE 

L 1 QU I D 

FLOWRATE = 

VAPOR 

FLOWRATE 


Y(J) 

0.4010E-02 
0.6723E+00 
0.3237E+00 
0.2335E-04 
79.765 C 

394.500 Ib-mole/hr 

420.800 Ib-molB/hr 


Y<I) 

0.3811E-02 
0 . 5355E+00 
0.4607E+00 
0.6858E-04 
83.946 C 

394.500 Ib-mole/hr 

420.800 Ib-mole/hr 


Y(I) 

0. 3684E-02 
0. 4043E+00 
0.5918E+00 
O. 1798E-03 
87.623 C 

394.500 Ib-mole/hr 

420.800 Ib-mole/hr 


Y ( I ) 

0. 3594E-02 
0.2994E+00 
O. 6966E+00 
0. 4273E-03 
90.379 C 

394.500 Ib-mole/hr 

420.800 Ib-mole/hr 


Y(I) 

0.3535E-02 
0.2267E+00 
0. 7689E+00 
0.9454E-03 
92.218 C 

394.500 Ib-mole/hr 

420. 800 1 b-mol e/hr 
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TRAY NUMBER = 11 

COMP 

X d ) 

MCS 

0. 8017E-03 

DCS 

0. 1016E+00 

TCS 

0.8932E+00 

TET 

0.4361E-02 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 12 

COMP 

Xd) 

MCS 

0. 2805E-03 

DCS 

0.8452E-01 

TCS 

0.9108E+00 

TET 

0.4394E-02 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 13 

COMP 

X d) 

MCS 

0.9722E-04 

DCS 

0.6904E-01 

TCS 

0.9264E+00 

TET 

0.4422E-02 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 14 

COMP 

X(I) 

MCS 

0. 3339E-04 

DCS 

0. 5533E~01 

TCS 

0.9402E+00 

TET 

0.4448E-02 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 15 

COMP 

X ( I) 

MCS 

Oe 1 137E-04 

DCS 

0, 4345E-01 

TCS 

0.952 IE +00 

TET 

0. 4478E-02 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE == 
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Y(I) 

0.3497E-02 
O. iaiOE+00 
0.8135E+00 
O. 1995E-02 
93.373 C 

651.030 Ib-mole/hr 

420.800 Ib-mole/hr 


Y(I) 

0. 1239E-02 
0. 1529E+00 
0.8438E+00 
0.2049E-02 
94. 130 C 

651.030 Ib-mole/hr 
420.600 ib-mole/hr 


Yd) 

0.4339E-03 
O. 1266E+00 
0.8709E+00 
0.2096E-02 
94.777 C 

651.030 Ib-mole/hr 

420.800 Ib-mole/hr 


Yd) 

0. 1504E-03 
O. 1026E+00 
0.895 IE +00 
0.2139E-02 
95,342 C 

651.030 Ib-mole/hr 

420.800 Ib-mole/hr 


Yd) 

0.5163E-04 
0.8143E-01 
0.9163E+00 
0.2180E-02 
95.832 C 

651.030 lb --mol e/hr 

420.800 Ib-mole/hr 
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TRAY NUMBER = 16 

COMP X ( 1 ) 

MCS 0.3844E-05 

DCS 0.3335E-01 

TCS 0.9621E+00 

TET 0.4526E-02 

TEMPERATURE 
LIQUID FLOWRATE = 
VAPOR FLOWRATE = 


Y(I> 

0. 1757E-04 
0.6305E-01 
0.9347E+00 
0.2226E-02 
96.252 C 

651.030 Ib-mole/hr 

420.800 Ib-mole/hr 
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TRAY NUMBER * 17 

COMP 

X(I) 

MCS 

0. 1289E-05 

DCS 

0.2491E-01 

TCS 

0 . 9705E-*-00 

TET 

0.4637E-02 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 18 

COMP 

X(I) 

MCS 

0.4267E-06 

DCS 

0. 1793E-01 

TCS 

0.9771E+00 

TET 

0. 4943E-02 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 19 

COMP 

X(I) 

MCS 

0. 1375E-06 

DCS 

0. 1224E-01 

TCS 

0.9819E+O0 

TET 

0.5852E-02 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TR^^'' NUMBER = 20 

COMP 

X (I ) 

MCS 

0.4086E-07 

DCS 

(•», 7623E-02 

TCS 

0. 9838E+00 

TET 

0, 8595E-02 

TEMPERATURE 

LIQUID 

FLOWRATE - 

VAPOR 

FLOWRATE = 


Y(I) 

0.5924E-05 
0.4743E-01 
0.9503E+00 
0.2301E-02 
96.607 C 

651.030 Ib-mole/hr 

420.800 Ib-mole/hr 


Y(I) 

0.1971E 05 
0.3436E-01 
0.9632E+00 
0.2471E-02 
96.906 C 

651.030 Ib-mole/hr 

420.800 Ib-mole/hr 


Y(I) 

0.6378E-06 
0.2357E-01 
0.9735E+00 
0.2945E-02 
97. 167 C 

651. C30 Ib-mole/hr 

420.800 Ib-mole/nr 


Ytl) 

0. 1903E-06 
0. 1476E-01 
0. 9809E+00 
0. 4352E-02 
97.424 C 

651.030 Ib-mole/hr 

420.800 Ib-mole/hr 
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APPENDIX A2 SELECTED PROCESS ENGINEERING FOR HSC PROCESS - CASE B 


APPENDIX A2.1-1 

DESIGN SPECIFICATIONS FOR DISTILLATION, D^Ol 


Issue Mo* Issue 1 


1* Process Equipment Name Distillation, D~01 (Stripper Column) 

2. Process Equipment Function Removes volatile gases from 

liquid chlorosilanes 


3. 


Feed Specifications 


1. 

No. of Feeds 

1 

2. 

3 , 

No. of Feed Components 
Fe.4 Componeats «2’ "l- 

A. 

Feed Concentration 

See Plate-To-Plate 

5. 

Feed Temperature 

lOOF (37. 8C) 

6. 

Feed Pressure 

90 psia 

7. 

Light Key - LK 

Hydrogen Chloride, HCl 

8. 

Heavy Key - HK 

Trichlorosilane , SiHCl^ (TCS) 


4. Distillate Specifications 

1. Recovery of Light Key (LK) in Distillate 98>6 % 

2, Concentration Spec. low chlorosilanes 


3. Bottoms Specifications 

1. Recovery of Heavy Key (HK) in Bottoms 99 ,9 

2. Concentration Spec, low volatile gases 

6. General Specifications 

1. Pressure for Distillation 90 psia 

2. Condenser Type partial 


ORIGINAL PAGE 
OF POOR QUAUTY 


130 




ORIGINM- PAK B 
OF POOR QOAUTX 


APPENDIX A2.1-2 


DESIGN RESULTS FOR DISTILLATION, D-01 


Issue No. 


Issue 1 


1. Process Equipment Neste Distilletion, D~0l (Stripper Colusei) 

2. Equipment Specifications 

1. No. of Equilibrium Trays N ■ 13 

2. No. of Equilibrium Feed Tray N^ “ 9 

3. Tray Efficiency 50 I 

4. No. of Actual Trays N ^ ■ 26 

^ actual — 

5. No. of Actual Feed Tray N^ " 18 

6. Tray Spacing 18 in. 

7. Type of Tray Sieve 

8. Column Diameter 1 .5-2 (use) ft. 

9. Column Height 39 ft. -Pends ft. 

10. Reflux Ratio R “ 1 . 90 

11. Design Temp. Top ■ -29 C (-21F) 

Bottom"^ TT7 C (242F) 

12. Design Pressure 90 ^psia 

13. Materials of Construction 3/2 nickel steel 

3. Product Specifications 

1. Feed Specifications 

1. Feed Concentration lt:em 7 of De sign Spec. 

2. Light Key - LK Hydrogen Chloride, HCl 

3. Heavy Key - HK Trichlorosilane, SiHCl^ (TCS) 

2. Distillate Specifications 

1. Recovery of Light Key (LK) in Distillate 98.6 j 

2. Concentration Spec. Low Chlorosilanes 

3. BotCoois Specifications 

1 . Recovery of Heavy Key (HK) in Bottoms 99.9 

2. Concentration Spec. Low Volatile Gases 
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APPENDIX A2.1-2 


(Continued) 


A. Results for Nundker of Trays 

Reflux Ratio, No. of Equil. Traye, No. of Actual Trays, 

X " Vt„.l 


1.28 

29 

58 

1.31 

22 

44 

1.40 

18 

36 

1.53 

lb 

32 

1.78 

14 

28 

1.91 

13 

26 

2.23 

12 

24 

2.54 

11 

22 

3.18 

10 

20 

3.82 

9 

18 

4.77 

9 

18 
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APPENDIX A2.1-3 

PLATE -TO-PLATE RESULTS FOR DISTILLATION, D-01 

TREI'S REPORT ON DISTILLATION DESIGN 


DESIGN BASIS 


ORIGINAL PAGE 13 
OF POOR QUALITY 


1. NAME OF TOWER HSC D-01 

2. NUMBER OF COMPONENTS 8 

3. NUMBER OF FEEDS 1 

A. LIGHT KEY 4 

5. HEAVY KEY 7 

6 . TYPE OF CONDENSER 2 


7. TOWER PRESSURE, mmHg 

8. REFLUX RATIO ,R 

9. DISTILLATE IN Ib-mole/hr 

10. CONVERGENCE TOLERANCE 


4653.060 

1.900 

3.854 

0.5000E-03 


11. SYSTEM IDENTIFICATION AND ANTOINE COEFFICIENTS 


H2 

5.92100 

71.62000 

276.35000 

N2 

6.61 130 

264.65100 

266.36200 

SiH4 

7 . 09738 

703.98700 

278.50200 

HCl 

7. 16759 

744.48900 

258.55000 

NC5 

6.62743 

753.84900 

231.55900 

DCS 

6.98990 

1034.46000 

243.40600 

TCS 

6.78393 

1014. 10000 

227.87200 

TET 

6.93126 

1178.84000 

233.79700 

12. FEEDS 




TRAY NUMBER 

9 



FLOWRATE, mole/hr 

0. 1782E+03 



PRESSURE, mmHg 

0.4653E+04 



THERMAL CQND. 

0. lOOOE+Cl 



TEMPERATURE, C 

0.9856E+02 



X(H2) 

0.2057E-01 



X (N2) 

0. 1900E-04 



X (SiH4) 

O. 3000E-05 



X <HC1 ) 

0.4960E-03 



X (MCS) 

0.6400E-04 



X (DCS) 

0.5819E-02 



X (TCS) 

0. 2498E+00 



X (TET^ 

0. 7233E+00 
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APPENDIX A2.1-3 
(Continued) 


ORIGINAL PAGE IS 
OF POOR QUALITY 


OESI0N RESULTS 


1. TOTAL NUMBER OF TRAYS 13 

. FEED TRAYS 

. REFLUX RATIO I-*? 
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4. FEEDS 


APPENDIX A2.1-3 

(Continued) OIBONAZ. page k 

POOR QU^ 


TRAY NUMBER 

9 


FLOWRATE, mol e/hr 

0. 1782E+03 


PRESSURE, mmHg 

0. 4653E+04 


THERMAL COND. 

0. lOOOE+01 


TEMPERATURE, C 

0.9856E+02 


X (H2) 

0.2057E-01 


X (N2) 

0. 1900E-04 


X <SiH4) 

0. 3000E-05 


X (HCl ) 

0.4960E-03 


X (MCS) 

0. 6400E-04 


X (DCS) 

0.5819E-02 


X (TCS) 

0. 2498E+00 


X (TET) 

0. 7233E+00 


5- DISTILLATE AND 

BOTTOM 



Distill ate 

Bottom 

FLOWRATE, mol e/hr 

0. 3854E+01 

0. 1743E+03 

PRESSURE, mmHg 

0. 4653E+04 

0.4653E+04 

TEMPERATURE, C 

-.2514E+02 

0. 1175E+03 

X <H2) 

0. 9550E+OO 

0.9820E-06 

X (N2) 

0. 8824E-03 

0. 1254E-09 

X (SiH4) 

0. 1387E— 03 

0. 1692E-07 

X <HC1 ) 

0.2261E-01 

0. 1082E-04 

X (MCS) 

0.8397E-03 

0.4867E-04 

X (DCS) 

0. 1689E-01 

0.5707E-02 

X (TCS) 

0.36O7E-02 

0.2551E+00 

X (TET) 

0.9756E-05 

0.7391E+00 


PARTIAL CONDENSER 
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APPENDIX A2.1-3 
(Continued) 


TRAY PROFILE 

TRAY NUilBER = 1 

COMP 

X (I) 

H2 

0. 1043E-01 

N2 

0. 1333E-04 

SiH4 

0. 3569E-04 

HCl 

C. 1321E-01 

MCS 

0.5204E-02 

DCS 

0.5853E+00 

TCS 

0.3824E+00 

TET 

0. 3375E-02 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 2 

COMP 

X (I) 

H2 

0.3042E-02 

N2 

0.2245E-05 

SiH4 

0.2976E-05 

HCl 

0. 1045E-02 

MCS 

0. 1420E-02 

DCS 

0.4214E+00 

TCS 

0.5624E+00 

TET 

0. 1071E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 3 

COMP 

X (I) 

H2 

0. 2974E-02 

N2 

0.2123E-05 

SiH4 

0. 1919E-05 

HCl 

0. 4892E-03 

MCS 

0. 4171E-03 

DCS 

0. 2636E+00 

TCS 

0. 7C41E4-00 

TET 

0. 2843E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y(I) 

0. 9550E+00 
0.8824E-03 
O. 1387E-03 
0.2261E-01 
0.8397E-03 
O. 1689E-01 
0.3607E-02 
0.9756E-05 
-30.635 C 

7.323 Ib-mole/hr 

11.177 Ib-mole/hr 


Y(I) 

0.3361E+00 
0.3130E-03 
0.7120E-04 
O. 1645E-01 
0.3699E-02 
0.3893E+00 
O . 25 1 8E+0O 
0.2214E-02 
64.783 C 

7.323 lb— mole/hr 

11.177 Ib-mole/hr 


Y< I) 

0 . 33 1 3E+00 
O. 3057E-03 
0.4977E-04 
0.8481E-02 
O. 1220E-02 
O. 28\9E+00 
0.3697E+00 
O. 7022E-02 
70.743 C 

7.323 Ib-mole/hr 

1 1 . 177 Ib-mole/hr 


ORIGINAL FAGL 13 
OF POOR QUAUT/ 
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APPENDIX A2.1-3 


(Continued) 


TRAY NUMBER = 4 

COMP X < I ) 

H2 0.2955E-02 

N2 0.2070E-05 

SiH4 0. 1780E-05 

HCl 0.4353E— 03 

MCS O. 1764E-03 

DCS 0. 1493E+00 

TCS 0.78UE+00 

TET 0.A594E-01 

TEMPERATURE 
LIQUID FLOWRATE = 
VAPOR FLOWRATE = 


Y(I) 

0.3313E+00 
0.3057E-03 
0.4907E-04 
0.8117E-02 
0.5628E-03 
O. 1785E+00 
0.462AE+00 
0. 1863E-01 
75.410 C 

7.323 Ib-mole/hr 
11.177 Ib-mole/hr 


original page is 

OF POOR QoiV® 


TRAY NUMBER = 5 

COMP 

X(I) 

H2 

0.2939E-02 

N2 

0. 2026E-05 

SiH4 

0. 1685E-05 

HCl 

0.4072E-03 

MCS 

0. 1178E-03 

DCS 

0.7885E-01 

TCS 

0.7814E+00 

TET 

0. 1363E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 6 

COMP 

X ( I ) 

H2 

0. 2923E-02 

N2 

0. 1984E-05 

SiH4 

0. 15<97E-05 

HCl 

0. 3818E-03 

MCS 

0.990 IE -04 

DCS 

0.3977E-01 

TCS 

0. 7057E+00 

TET 

0. 251 lE+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y(I> 

0.3313E+00 
O. 3056E-03 
0.4898E-04 
0.8082E-02 
0.4051E-03 
0. 1037E+00 
0.5130E+00 
0.4321E-01 
79.530 C 

7.323 lb~mole/hr 
11.177 Ib-mole/hr 


Y(I) 

0. 3312E+00 
0.3056E-03 
0.4892E-04 
0. 8063E-02 
0. 3667E-03 
0.5748E-01 
0.5132E+00 
0.8928E-01 
83.725 C 

7.323 Ib-mole/hr 
11.17/ Ib-mole/hr 
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APPENDIX A2.1-3 
(Continued) 


TRAY NUMBER = 7 

COMP X ( I ) 

H2 0.2905E-02 

N2 O. 1938E-05 

SiH4 0.1505E-05 

HCl 0.3556E-03 

MCS 0.B812E-04 

DCS 0. 1986E-01 

TCS 0.5692E+00 

TET 0.4076E+00 

TEMPERATURE 
LIQUID FLOWRATE = 
VAPOR FLOWRATE = 


Y<I) 

0.3312E+00 
0.3056E-03 
0.48B6E-04 
0.8047E-02 
O. 3544E-03 
0.3188E-01 
0.4636E+00 
O. 1645E+00 
88.509 C 
7.323 Ib-mole/hr 

11.177 Ib-mole/hr 


ORIGINAL PAaE IS 
OF POOR QUALITY 


TRAY NUMBER = 8 

COMP 

X(I) 

H2 

0.2887E-02 

N2 

0. 1890E-05 

SiH4 

0. 1413E-05 

HCl 

0.3298E-03 

MCS 

0.7916E-04 

DCS 

0. 1050E-01 

TCS 

0.407^E+00 

TET 

0. 5786E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 9 

COMP 

X ( I ) 

H2 

0-2870E-02 

N2 

0- 1848E-05 

SiH4 

0. 1334E-05 

HCl 

0. 3081E-03 

MCS 

0. 7197E~04 

DCS 

0.6411E-02 

TCS 

0- 2624E-fr^00 

TET 

0. 7279E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y(I) 

0.3312E+00 
O. 3055E-03 
0.4880E-04 
O. 8030E-02 
0.3473E-03 
0. 1884E-01 
O. 3742E+00 
O. 2670E+00 
93.721 C 
7.323 lb-«nole/hr 

11.177 lb— mole/hr 


Y(I) 

0.3312E+00 
0.3055E-03 
0.4874E-04 
0.8013E-02 
0.3414E-03 
O. 1271E-C1 
O. 26Q3E+00 
0.3791E+00 
98.564 C 
185.503 Ib-mole/hr 

11.177 Ib-mole/hr 
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APPENDIX A2.1-3 
(Continued) 


TRAY NUMBER » 10 

COMP X ( I ) 

H2 0.4052E-03 

N2 O. 1729E-06 

SiH4 0.5028E-06 

HCl 0. 1547E-03 

MCS 0.7204E-04 

DCS 0.6456E-02 

TCS 0.2634E+00 

TET 0.7295E+00 

TEMPERATURE 
LIQUID FLOWRATE = 
VAPOR FLOWRATE = 


Y(I) 

0.4762E-01 
0.3067E-04 
0.2189E-04 
0.4945E-02 
0.4360E-03 
0. 1748E-01 
0.3764E+00 
0.5531E+00 
114.588 C 

185.503 Ib-mole/hr 

11.177 1 b-mol e/hr 


Of POOR OUALITV 


TRAY NUMBER = 11 

COMP 

X(I) 

H2 

0.5698E-04 

N2 

0. 1603E-07 

SiH4 

0. 1817E-06 

HCl 

0.7316E-04 

MCS 

0. 7000E-04 

DCS 

0.6446E-02 

TCS 

0. 2635E+00 

TE^ 

0.7298EH-00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 12 

COMP 

X (I) 

H2 

0. 7897E-05 

N2 

0. 1474E-08 

SiH4 

0.6161E-07 

HCl 

0. 3174E-04 

MCS 

0.6423E-04 

DCS 

0.6345E-02 

TCS 

0. 2630E+00 

TET 

0. 7306E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y(I) 

0.6711E-02 
0.2868E-05 
0.8082E-05 
0.2399E-02 
0.4366E-03 
0. 1814E-01 
0.3925E+00 
0.5798E+00 
116.687 C 

185.503 1 b-mol e/hr 

11.177 1 b-mol e/hr 


Y<I) 

0.9304E-03 
0.2641E-06 
0.2751E-05 
O. 1046E-02 
0.4027E-03 
O. 1798E-01 
0.3945E+00 
0.5851E+00 
117.054 C 

185.503 1 b-mol e/hr 

11.1 77 1 b-mol e/hr 
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APPENDIX A2.1-3 

(Continued) 


TRAY NUMBER « 13 

COMP X ( I ) 

H2 0.9820E-06 

N2 0. 1254E-09 

SiH4 0.1692E-07 

HCl O. 1082E-04 

MCS 0.4867E-04 

DCS 0.5707E-02 

TCS 0.2551E+00 

TET 0.7391E+00 

TEMPERATURE 
LIQUID FLOWRATE » 
VAPOR FLOWRATE » 


Yd) 

0. 1158E-03 
0.2251E-07 
0.7586E-06 
0.3581E-03 
0.3069E-03 
0. 1629E-01 
0.3858E+00 
0.5972E+00 
117.454 C 

185.503 Ib-mole/hr 
11.177 lb -mole/hr 


ORIGINAL PAGE 
OF POOR QUALITY 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


APPENDIX A2.2-1 

DESIGN SPECIFICATIONS FOR DISTILLATION, D-02 


Issue No. 


1, Process Ec^uipnent Name Distillation, D^02 (TCS Column) 

2. Process Equipment Function Separation of TCS (Trichlorosilane) and 

TET (Tetrachlorosilane) . 


3. 


Feed Specifications 

1. No. of Feeds 3 

2. No. of Feed Components 5 

O r. J ^ SiH, , MCS, DCS, TCS, 

3. Feed Components 4* * 

4. Feed Concentration See Plate-To-Plate 

5. Feed Temperature See Plate^To-Plat e 

6. Feed Pressure See Plate-To-Piate 

7. Light Key - LK Trichlorosilane (TCS) 

8. Heavy Key - HK Tetrachlorosilane (TET) 


TET 


4. Distillate Specifications 

1. Recovery of Lighi. Key (LK) in Distillate 96.6 X 

2, Concentration Spec. Low in T> f 


3. Bottoms Specifications 

1. Recovery of Heavy Key (HK) in Bottoms 98.1 X 

2. Concentration Spec. Low in MCS, DCS and TCS 

6. General Specifications 

1. Pressure for Distillation psia 

2. Condenser Type Total 
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APPENDIX A2.2-2 

DESIGN RESULTS FOR DISTILLATION, D-02 

Issue Mo. I 

1. Process Equipment Name Distillation, D-02 (TCS Column) 

2. Equipment Specifications 

1. No. of Equilibrium Trays H ■ 15 

2. No. of Equilibrium Feed Tray 8, 11 

3. Tray Efficiency 63 X 

4. No. of Actual Trays N ^ ■ 24 

^ actual 

5. No. of Actual Feed Tray N„ ^ - 7. 13. 18 

' F, actual » 1 

6. Tray Spacing 24 in. 

7. Type, of Tray Single Pass Flow Seive Tray 

8. Column Diameter 5.5 ft. 

9. Column Height 48 ft. ■»- ends f^. 

10. Reflux Ratio R • 2.0 

IJ. Design Temp. Top ■ 97.2 c 

Bottom “ 125 .'4 C 

12. Design Pressure 90 p sia 

13. Materials of Construction ^teel 

3. Product Specifications 

1. Feed Specifications 

1. Feed Concentration See Item 7 of Design Spec. 

2. Light Key - LK Trichlorosilane (T CS) 

3. Heavy Key - HK Tetrachlorosilane (TET) 

2. Distillate Specifications 

1. Recovery of Light Key (LK) in Distillate 96.6 % 

2. Concentration Spec. See Plate-To-Plat e 

3. Bottoms Specifications 

1 . Recovery of Heavy Key (HK) in Bottoms 1 ^ 

2. Concentration Spec. Spp Plate-To-Plate 


ORUiil 


J 

a: ' ‘ 




OrPOOB QWLITV 
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NOTE : 

Numbers in parentheses give feed plate location. For case of R = 2 
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APPENDIX A2.2-3 


ORIGiNAL PAGE » 
OF POOR QUALITY 


PLATE-TO-PLATE RESULTS FOR DISTILLATION, D-03 


TREI’S REPORT ON DISTILLATION DESIGN 


DESIGN BASIS 


1. NAME OF TOWER 

2. NUMBER OF COMPONENTS 
3- NUMBER OF FEEDS 

4. LIGHT KEY 

5. HEAVY KEY 

6. TYPE OF CONDENSER 


D-02 FOR CASE B OF HSC PROCESS 
5 

3 

4 

5 
1 


7. TOWER PRESSURE, mmHg 

8. REFLUX RATIO ,R 

9. DISTILLATE IN Ib-mole/hr 

10. CONVERGENCE TOLERANCE 


O. 


4653.060 

2.000 

256.900 

SOOOE-03 


11. SYSTEM IDENTIFICATION AND ANTOINE COEFFICIENTS 


SiH4 

7.09738 

703.98700 

278.50200 

MCS 

6.62743 

753.84900 

321.55900 

DCS 

6.98998 

1034.46000 

243.40600 

TCS 

6.78393 

1014. 10000 

227.87200 

TET 

6.93126 

1178.84000 

233.79700 

12. FEEDS 

TRAY NUMBER 

5 

8 

11 

FLOWRATE, mole/hr 

0. 2306E-^03 

0. 1525E+02 

0. 1743E+03 

PRESSURE, mmHg 

0. 4653E+04 

0.4653E+04 

0.4653E+04 

THERMAL COND. 

0. IOOOE‘^01 

0. lOOOE+01 

0. lOOOE+01 

TEMPERATURE, C 

0. lOllE+03 

0. 1078E+03 

0. 1179E+03 

X <SiH4) 

0.9071E-16 

O.OOOOE+00 

O. OOOOE+00 

X (MCS) 

0. 1152E--06 

O.OOOOE+00 

O.OOOOE+00 

X (DCS) 

0.7756E^02 

0. 1670E+00 

0.5500E-02 

X (TCS) 

0.8754E+00 

0.567OE+00 

0.2552E+00 

X (TET) 

0. 1167E+00 

0. 2670E+00 

0.7393E+00 
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APPENDIX A2.2-3 
(Continued) 



DESI8N RESULTS 


1. TOTAL NUMBER OF TRAYS 
. FEED TRAYS 
. REFLUX RATIO 


15 

5 S 11 
2 
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APPENDIX A2.2-3 
(Continued ) 


PAGE {3 
jF poor quauty 


4. FEEDS 


TRAY NUMBER 
FLOWRATE, mole/hr 
PRESSURE, mmHg 
THERMAL COND- 
TEMPERATURE, C 
X (SiH4) 

X (MCS) 

X (DCS) 

X (TCS) 

X (TET) 


5 

O. 2306E-*-03 
O. 4653E+04 
O. lOOOE+Ol 
O. 101 1E+03 
0.9071E-16 
O. 1152E-06 
0.7756E-02 
0.87b4E+00 
O. 1167E+00 


8 

O. 1525E+02 
0.4653E+04 
O. lOOOE+Ol 
O. 1078E+03 
O. OOOOE+00 
O.OOOOE+00 
O. 167OE+00 
0.5&70E+00 
0.2670E+00 


1 1 

O. 1743E+03 
0.4653E-*-04 
O. lOOOE+Ol 
O. 1179E-»03 
O. OOOOE+00 
O.OOOOE+00 
0.5500E-02 
O. 2552E+00 
0.7393E+00 


5. DISTILLATE AND BOTTOM 


Distill ate 


FLOWRATE, mole/hr 
oRESSURE,mmHg 
TEMPERATURE, C 
X (SiH4> 

X (MCS) 

X (DCS) 

X (TCS) 

X (TET) 


0.2569E+03 
O. 4653E+04 
0.9713E+02 
0.8142E-16 
O- 1361E-06 
0.2060E-01 
0.9593E+00 
0.2010E-01 


Bottom 

TOTAL CONDENSER 

O. 1633E+03 
0.4653E+04 
O. 1254E*03 
0.5356E-34 
0.2731E-20 
O. 1604E-04 
0.5233E-01 
0.9477E+00 
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APPENDIX A2.2-3 
(Continued) 


ORIGINAL PAGE IS 
OF POOR QUALITY 


TRAY PROFILE 

TRAY NUMBER » 1 

COMP 

X (I) 

SiH4 

0.2244E-17 

MC3 

0.9354E-08 

DCS 

0. 1051E-01 

TCS 

0.9503E+00 

TET 

0.3915E-01 

TEMPERATURE = 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE * 

TRAY NUMBER = 2 

COMP 

X(I) 

SiH4 

0.7829E-I.8 

MCE 

0.3523E-08 

DCS 

0. 6983E-02 

TCS 

0. 9302E+00 

TET 

0.6281E-01 

TEMPERATURE 

LIQUID 

FLOWRATE « 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 3 

COMP 

X (I) 

SiH4 

0.7502E-18 

MCS 

0.3234E' 08 

DCS 

0.5715E-02 

TCS 

0.9029E-^00 

TET 

0.9140E-01 

TEMPERATLRE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE ■= 

TRAY NUMBER = 4 

COMP 

X (I) 

SiH4 

0.7428E-18 

MCS 

0.3196E-08 

DCS 

0.5210E-02 

TCS 

0.8700E+00 

TET 

0. 1248E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y(l> 

0.8142E-16 
0. 1361E-06 
0.2060E-01 
0.9593E+00 
0.2010E-01 
97.984 C 

513.800 Ib-mole/hr 

770.700 Ib-raole/hr 


Y(I) 

0.2864E-16 
0.5160E-07 
0. 138SE-01 
0.9533E+OO 
0.3280E-01 
98.673 C 

513.800 lb-«nole/hr 

770.700 Ib-mole/hr 


Yd) 

0.2766E-16 
0.4772E-07 
O. 1152E-01 
0.9399E+00 
0.4858E-01 
99.390 C 

513.800 Ib-mole/hr 

770.700 Ib-mole/hr 


Y(I) 

0.2764E-16 
0.4752E-07 
0. 1068E-01 
0.9217E+00 
0.6764E-O1 
100.196 C 

513.800 Ib-mole/hr 

770.700 Ib-ioole/hr 
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APPENDIX A2.2-3 

(Continued) 


OF POOR QUALITY 


TRAY NUMBER = 5 

COMP 

X (I) 

SiH4 

0.7351E-18 

MCS 

0.3166E-08 

DCS 

0.4954E-02 

TC5 

0. 8328E+0O 

TET 

O. 1622E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER * 6 

COMP 

X (I) 

SiH4 

0. 1853E-19 

MCS 

0.9175E-09 

DCS 

0.4336E-02 

TCS 

0.7722E+00 

TET 

0. 2235E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 7 

COMP 

X (I) 

SiH4 

0.4257E-21 

MCS 

0.7585E-09 

DCS 

0.38848-02 

TCS 

0. 6865E+00 

TET 

0. 3096E'*'00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 8 

COMP 

X (I ) 

SiH4 

0 . OOOOE+00 

MCS 

0.7282E-09 

DCS 

0.3486E-02 

TCS 

0.5794E+00 

TET 

0.4171E+O0 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y(I) 

0.2764E-I6 
0.4750E-07 
O. 1034E-01 
0.8998E+00 
0.8989E-01 
101.104 C 

744.400 Ib-mole/hr 

770,700 Ib-mole/hr 


Y<I) 

0.7088E-18 
O. 1397E-07 
0.9331E-02 
0.8622E+OO 
O. 1285E+00 
102.639 C 

744.400 Ib-mole/hr 

770.700 Ib-mole/hr 


Y(I) 

0. 1669E-19 
O. 118OE-07 
0.8734E-02 
0.8037E+00 
O. 1877E+00 
104.862 C 

744.400 Ib-mole/hr 

770.700 lb— mol e/hr 


Y(I) 

O. OOOOE+00 
0. 1164E-07 
0.8297E-02 
0.7210E+00 
0.2708E+00 
107.784 C 
759.650 Ib-mole/hr 

770.700 Ib-mole/hr 
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APPENDIX A2.2-3 
(Continued) 


POOR 


IS 

Ot'AUTY 


TRAY NUMBER =» 9 

COMP 

X (I) 

SiH4 

0. OOOOE+00 

MCS 

0.7037E-09 

DCS 

0. 1837E-02 

TC& 

0.4618E+00 

TET 

0. 5364ES-00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE « 

TRAY NUMBER = 10 

COMP 

X (I) 

SiH4 

0. OOOOE+00 

MCS 

0.6798E-09 

DCS 

0. 1122E-02 

TCS 

0.3495E+00 

TET 

0.6494E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 11 

COMP 

X <I) 

SiH4 

0 . OOOOE+00 

MCS 

0.6597E-09 

DCS 

0.8151E-03 

TCS 

0.2563E+00 

TET 

0. 7429E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 12 

COMP 

X (I) 

SiH4 

0.3326E-29 

MCS 

0.9868E-17 

DCS 

0.3273E-03 

TCS 

0. 1876E+00 

TET 

0.8121E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y(I> 

O. OOOOE+00 
0. 1163E-07 
0.4677E-02 
0.6177E+00 
0,3776E+00 
111. 308 C 
759.650 Ib-mole/hr 

770.700 ib-mole/hr 


Y(I) 

O.OOOOE+OO 
0. 1160E-07 
0.3052E-02 
0.5018E+00 
0.4952E-*-00 
114.840 C 
759.650 ib-mole/hr 

770.700 ib-mole/hr 


Y<I) 

O.OOOOE+00 
O. 1158E-07 
0.2347E-02 
0.3911E+00 
O. 6066E+00 
117.932 C 
933.980 iD-mole/hr 

770.700 ib-mole/hr 


Y(I) 

0. 1537E-27 
0. 1770E-15 
0.9847E-03 
0.3000E+00 
0.6990E-*-00 
120.353 C 

933.980 ib-mole/hr 

770. 700 1 b-mol e/hr 
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O . « > I ‘3 

OF POOR QUALITY 


TRAY NUMBER = 13 


COMP 

X < I ) 

Y<I) 

SiH4 

0.8541E-31 

0.4031E-29 

MCS 

0.6543E~18 

0. 1196E-16 

DCS 

0. 1259E-03 

0.3932E-03 

TCS 

0. 1299E+00 

0.2162E+00 

TET 

0,8700E+00 

0.7834E+00 

TEMPERATURE 

122.449 C 

LIOUID 

FLOWRATE = 

933.980 Ib-mole/hr 

VAPOR 

FLOWRATE = 

770.700 Ib-mole/hr 

TRAY NUMBER = 14 


COMP 

X (I) 

Y(I) 

SiH4 

O. 2157E-32 

0. 1035E-30 

MCS 

0. '1273E-19 

0.7923E-18 

DCS 

0.4634E-04 

0. 1491E-03 

TCS 

0.8512E-01 

0. 1463E+00 

TFT 

0.014SE+00 

0.8536E+00 

TEMPERATURE 

124. 119 C 

LIQUID 

FLOWRATE = 

933.980 Ib-mole/hr 

VAPOR 

FLOWRATE = 

770.700 Ib-mole/hr 

TRAY NUMBER = 15 


COMP 

X ( I ) 

Y(I) 

SiH4 

0. 5356E-34 

0. 2602E-32 

MCS 

0.2731E~20 

0.5120E-19 

Dl^:d 

0. 1604E-04 

0.5276E-04 

TCS 

0,::.233E-01 

0.9206E-01 

TET 

0 , 9477E+*00 

0. 9079E+00 

TEMPERATURE 

125.371 C 

LIQUID 

FLOWRATE - 

933.980 Ib-mole/hr 

VAPOR 

FLOWRATE = 

770.700 Ib-mole/hr 
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APPENDIX A2.3-1 


DESIGN SPECIFICATIONS FOR DISTILLATION, D-03 

Issue No. ^ 

1 . Process Equipment Name Distillation, D-03 (DCS Column) 

2. Process Equipment Function Separation of DCS (Dichlorosilane) and 

TCS (Trichlorosilane) . 

3. Feed Specifications 


1. 

No. of Feeds 

1 


2. 

No. of Feed Components 

5 

3. 

Feed Components 

SiH^, 

MCS, DCS, TCS, TET 

4. 

Feed Concentration See 

Plate-To-Plate 

5. 

Feed Temperature 

See 

Plate-To-Plate 

6. 

Feed Pressure 

90 

Psia 

7. 

Light Key - LK 

Dichlorosilane (DCS) 

8. 

Heavy Key - HK _ 

Trichlorosilane (TCS) 


U. Distillate Specifications 

1 . Recovery of Light Key (LK) in Distillate 93.1 Z 

2, Concentration Spec. Low TCS, TET 

3. Bottoms Specifications 

1 . Recovery of Heavy Key (HK) in Bottosis 99 .7 % 

2. Concentration Spec. Low in MCS, DCS 

6. General Specifications 

1. Pressure for Distillation 90 psia 

2. Condenser Type Partial 
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APPENDIX A2.3-2 

DESIGN RESULTS FOR DISTILLATION, D-03 


OF POOR QUALITY 


Itcue No. 

1. Process Equipment Name Distillation, D-03 (DCS Column) 

?. Equipment Specifications 

1. No. of Equilibrium Trays M ■ 

2. No, of Equilibrium Feed Tray N^ ■ 11 

3. Tray Efficiency X 

4. No, of Actual Trays N ^ ■ 32 

^ actual 

5. No. of Actual Feed Tray N„ ^ ■ 16 

^ F, actual 

6. Tray Spacing in. 

7. Type of Tray Single Pass Crossflow Seive Tray 

8. Column Diameter 4 ft. 

9. Column Height 48 ft. ends ft, 

10. Reflux Ratio R ■ 

11. Design Temp. Top “ 52 C 

Bottom ■ 97 C 

12. Design Pressure 90 p sia 

13. Materials of Construction S^eel 

3. Product Specifications 

1. Feed Specifications 

1. Feed Concentration See Item 7 of D esign Spec. 

2. Light Key - LK Dichlorosilane (DCS ) 

3. Heavy Key - HK Trichlorosilane (TCS) 

2. Distillate Specifications 

1. Recovery of Light Key (LK) in Distillate X 

2. Concentration Spec. See Plate-To^Plate 

3. Bottoms Specifications 

1. Recovery of Heavy Key (HK) in Bott^^ns ^ X 

2. Concentration Spec. See Plate~To~Plate 
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APPENDIX A2.3-2 


(Continued) 


4. Results for Number of Trays 


Reflux Ratio, 
R 

No. of Equil, Trays, 
N 

No. of Actual Trays 
^actual 

10 

30 (15) 

48 

12 

25 (14) 

40 

15 

20 (13) 

32 

20 

18 (12) 

29 

25 

17 (11) 

27 

40 

16 (11) 

26 
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APPENDIX A2.3-3 


OWGIMAL PASS IS 

PLATE-TO-PLATE RESULTS FOR DISTILLATION, D-03 pOQR Q’-AUTY 

TREI’S REPORT ON DISTILLATION DESIGN 

DESIGN BASIS 


1. NAME OF TOWER 

2. NUMBER OF COMPONENTS 

3. NUMBER OF FEEDS 

4. LIGHT KEY 

5. HEAVY KEY 

6 . TYPE OF CONDENSER 


D-03 FOR CASE B OF HSC PROCESS 
5 
1 

3 

4 
3 


7. TOWER PRESSURE, mmHg 

8. REFLUX RATIO ,R 

9. DISTILLATE IN Ib-mole/hr 

1 0 . CONVERGENCE TOLERANCE 


4653.060 
15.000 
26.300 
0. 5000E-03 


11. SYSTEM IDENTIFICATION AND ANTOINE COEFFICIENTS 


SiH4 

7.09738 

703.98700 

278.50200 

MCS 

6.62743 

753.84900 

231.55900 

DCS 

6.98990 

1034.46000 

243.40600 

TCS 

6.78393 

1014. 10000 

227.87200 

TET 

6.93126 

1170.84000 

233.79700 

12. FEEDS 




TRAY NUMBER 

12 



FLOWRATE, mol e/hr 

0. 2569E+03 



PRESSURE, mmHg 

0.4653E+04 



THERMAL COND. 

0. lOOOE+01 



TEMPERATURE, C 

0.9454E+02 



X (SiH4) 

0.4430E-03 



X (MCS) 

0.6790E-02 



X (DCS) 

0. lOOOE+00 



X (TCS) 

0.7878E+00 



X (TET) 

0. 1050E+00 
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APPENDIX A2.3-3 
(continued) 


ORIGINAL pa:.. , 
OF POOR QUALITY 


DESIGN RESULTS 


1. TOTAL NUMBER OF TRAYS 20 

. FEED TRAYS 12 

. REFLUX RATIO 15 
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APPENDIX A2.3-3 
(Continued) 


4. FEEDS 


TRAY NUMBER 
FLOWRATE, mole/hr 
PRESSURE, mfflHg 
THERMAL COND. 
TEM'»ERATURE,C 
X (SiH4) 

X (MCS) 

X (DCS) 

X (TCS) 

X (TET) 


12 

0.2569E+03 
0. 4653E+04 
0. lOOOE+01 
0.9454E+02 
0.4430E-03 
0.6790E-02 
0. lOOOE+00 
0.7878E+00 
O. 1050E+00 


5. DISTILLATE AND BOTTOM 


Distillate 


Bottom 


FLOWRATE, mole/hr 
PRESSURE, mmHg 
TEMPERATURE, C 
X (SiH4> 

X (MCS) 

X (DCS) 

X (TCS) 

X(TET) 


O. 2630E+02 
0.4653E+04 
0.5946E+02 
0.4383E-02 
0.6719E-01 
0.9204E+00 
0.8002E-02 
0.9476E-07 


0.2306E+03 
0.4653E+04 
0.9989E+02 
0.9071E-16 
0. 1516E-06 
0.7756E-02 
0.8754E-S-00 
O. 1169E+C0 


ORKalNAL PAGE tS 
OF POOR QUALITY 


PARTIAL CONDENSER 
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APPENDIX A2.3-3 
(Continued) 


TRAY PROFILE 

ORIGINAL PAGE (S 



OF POOR QUALITY 

TRAY NUMBER * 1 


COMP 

X <I) 

Y<I) 

SiH4 

0. 1792E-03 

0.4383E-02 

MCS 

0.2500E-O1 

0.6719E-01 

DCS 

0.9577E+00 

0.9204E+00 

TCS 

0. 1712E-01 

0.8002E-02 

TET 

0.4369E-06 

0.9476E-07 

TEMPERATURE 

66.368 C 

LIQUID 

FLOWRATE = 

394.500 Ib-mole/hr 

VAPOR 

FLOWRATE « 

420.800 Ib-molfe/hr 

TRAY NUMBER = 2 


COMP 

X (I) 

Y<I) 

SiH4 

0. 1769E-04 

0.4419E-03 

Mrs 

0. 997 IE -02 

0.2763E-01 

DCS 

0.956 IE +00 

0.9554E+00 

TCS 

0.3394E-01 

0. 1655E-01 

TET 

0. 1827E-05 

0.4155E-06 

TEMPERATURE * 

67.946 C 

LIQUID 

FLOWRATE = 

394 . 500 1 b-mol e/hr 

VAPOR 

FLOWRATE = 

420. 8C0 Ib-mole/hr 

TRAY NUMBER * 3 


COMP 

X(I) 

Y(I) 

SiH4 

0. 1 147E-04 

0.2905E-03 

MCS 

0. 4792E-02 

0. 1355E-01 

DCS 

0. 9307E+00 

0. 9538E+00 

TCS 

0.6449E-01 

0.3232E-01 

TET 

0. 7332E-05 

0. 1719E-05 

TEMPERATURE 

68.978 C 

LIQUID 

FLOWRATE = 

39^ . 500 Ib-moi e/hr 

VAPOR 

FLOWRATE = 

41v'.800 ib-mole/hr 

TRAY NUMBER = 4 


COMP 

X (I) 

Y<I) 

SiH4 

0. 1105E-04 

0. 2847E-03 

MCS 

0.2999E-02 

0.8691E-02 

DCS 

0. 8794E+00 

0.9301E+00 

TCS 

0. 1175E+00 

0.6096E-01 

TET 

0.2825E-04 

0. 6880E-05 

TEMPERATURE 

70.272 C 

LIQUID 

FLOWRATE = 

394.500 Ib-mole/hr 

VAPOR 

FLOWRATE = 

420.800 Ib-mole/hr 


157 



APPENDIX A2.3-3 
(Continued) 


TRAY NUMBER = 5 

COMP 

X (I) 

SiH4 

0. 1074E-04 

MCS 

0. 2330E-02 

DCS 

0. 7949E+00 

TCS 

0. 2027E+00 

TET 

0. 1026E-03 

TEMPERATURE 

LIQUID 

FLOWRATE » 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 6 

COMP 

X <I) 

SiH4 

0. 1032E-04 

MCS 

0.2007E-02 

DCS 

0.6745E+00 

TCS 

0. 3232E+00 

TET 

0.3422E-03 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 7 

COMP 

X (I) 

SiH4 

0.9811E-05 

MCS 

0. 1782E-02 

DCS 

0.52*59E+00 

TCS 

0.46/ :>E+oo 

TET 

0. 1024E-02 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 8 

COMP 

X d) 

SiH4 

0.9288E-05 

MCS 

0. 1596E-02 

DCS 

0.3869E+00 

TCS 

0.6088E+00 

TET 

0. 2729E-02 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE - 


Y(I) 

0.2843E-03 
0.7f'llE-02 
0.8820E+00 
0. 1 107E+00 
0.2^^49E-04 
72. 265 C 

394.500 Ib-mole/hr 

420.800 Ib-mole/hr 


Yd) 

0.2840E-03 
O. 6383E— 02 
0.8028E+O0 
0. 1905E+00 
0.9619E-04 
75.228 C 

394.500 Ib-fflole/hr 
420. 8C0 Ib-mole/hr 


Y<I) 

0.2836E-03 
0.6081E-02 
0.6898E+00 
0.3035E+00 
0.3209E-03 
79.094 C 

394.500 Ib-mole/hr 

420.800 Ib-mole/hr 


Yd) 

0.2831E-03 
0.5870E-02 
0.5543E+00 
0.4385E+00 
0.960 I E-03 
83.334 C 

394.500 Ib-mole/hr 

420.800 Ib-mole/hr 


ORIGINAL FAC'4 S3 
or POOR QUALITY 
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APPENDIX A2 3-3 
(Continued) 


TRAY NUMBER = 9 

COMP X ( I ) 

SiH4 0.8841E-05 

KCS O. 1447E-02 

DCS 0.2692E+OO 

TCS 0.7228E+00 

TET 0.6556E-02 

TEMPERATURE 
LIQUID FLOWRATE = 
VAPOR FLOWRATE = 


Y<I) 

0.2826E-03 
0.5695E-02 
0.4203E+00 
0.5712E+00 
0.2558E-02 
87.223 C 

394.500 Ib-mole/hr 

420.800 Ib-mole/hr 




TRAY NUMBER = 10 

COMP X < I ) 

Si H4 0 . 8505E-05 

MCS O. 1340E-02 

DCS O. 1857E+00 

TCS 0.7934E+00 

TET 0.1453E-01 

TEMPERATURE 
LIQUID FLOWRATE = 
VAPOR FLOWRATE = 


V<I) 

0.2822E-03 
0.5556E-02 
C.3099E-^00 
0.6781E+00 
0.6146E-02 
90.315 C 

394.500 Ib-mole/hr 

420.800 Ib-mole/hr 


TRAY NUMBER = 11 

COMP 

X (I) 

SiH4 

0.8266E-05 

MCS 

0. 1266E-02 

DCS 

0. 132 IE +00 

TCS 

0. 8362E+00 

TET 

0-3034E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRAIE = 

TRAY NUMBER = 12 

COMP 

X < I ) 

SiH4 

0. 8077E-05 

MCS 

0. 121 lE-02 

DCS 

0.9943E-01 

TCS 

0. 8390E+00 

TET 

0.6036E-01 

TEMPERA! URL 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y(I) 

0.2819E-03 
0.5456E-02 
O. 2316E+00 
0. 7490E+00 
O. 1362E-01 
92.635 C 

394.500 Ib-mole/hr 

420.800 lb-n>ole/hr 


Y(I) 

0.2817E-03 
0. 5386E-02 
O. 1814E+00 
O. 7B45E+00 

0.2844E-O1 
94.539 C 
651.410 Ib-mole/hr 

420.800 Ib-mole/hr 



APPENDIX A2.3-3 
(Continued) 


TRAY NUMBER * 13 

COMP 

X a) 

SiH4 

0. 3554E— 06 

MCS 

0.4164E-03 

DCS 

0. 8065E-01 

TCS 

0.8581E+00 

TET 

0.6082E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 14 

COMP 

X (I) 

SiH4 

0. 1547E-07 

MCS 

0. 141 lE-03 

DCS 

0.6387E-01 

TCS 

0.8747E+00 

TET 

0.6130E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 15 

COMP 

X (I) 

SiH4 

0.6690E-09 

MCS 

0. 4734E-04 

DCS 

0.4947E-01 

TCS 

0. 8886E+00 

TET 

0.6184E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 16 

COMP 

X(I) 

Sih4 

0. 2875E-10 

MCS 

O. 1573E-04 

DCS 

0.3740E-01 

TCS 

0.8999E+00 

TET 

0.6268E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE 


Y<I) 

0. 1252E-04 
0. 1879E-02 
0. 1499E+00 
0.8189E+00 
0.2932E-01 
95.447 C 

651.410 Ib-mole/hr 

420.800 Ib-mole/hr 


Y<I) 

0.5501E-06 
0.6446E-03 
O. 1206E+00 
0.8487E+00 
0.3011E-01 
96. 193 C 

651.410 Ib-mole/hr 
420.300 Ib-mole/hr 


Y(I) 

0.2396E-07 
0.2184E-03 
0.9462E-01 
0.8743E+00 
0.3085E-01 
96.822 C 

651.410 Ib-mole/hr 

420.800 Ib-mole/hr 


Y<I) 

0. 1036E-08 
0. 7320E-04 
O. 7232E-01 
O. 8959E+00 
0.3168E-01 
97.356 C 

651.410 Ib-mole/hr 

420.800 Ih-mole/hr 
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APPENDIX A2.3-3 
(Continued) 


"RAY NUMBER = 17 


1 MP 

X (I) 

SiH4 

0. 1229E-11 

MCS 

0.5176E-05 

DCS 

0.2747E-01 

TCS 

0. 9080E+00 

TET 

0.6448E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 18 

COMP 

X d> 

SiH4 

0.5224E-13 

MCS 

0. 1679E-05 

DCS 

O. 1942E-01 

TCS 

0.9114E+00 

TET 

0.6916E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 19 

COMP 

X (I) 

SiH4 

0.2205E-14 

MCS 

0. 5280E-06 

DCS 

0. 1295E-01 

TCS 

0.9051E+00 

TET 

0.8200E-01 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 

TRAY NUMBER = 20 

COMP 

X (I) 

SiH4 

0.907 IE- 16 

MCS 

0- 1516E-06 

DCS 

0. 7756E-02 

TCS 

0- B754E+00 

TET 

0- 1 169E+00 

TEMPERATURE 

LIQUID 

FLOWRATE = 

VAPOR 

FLOWRATE = 


Y<I) 

0.4450E-10 
0.242‘'E-04 
0.5364E-01 
0.9134E+00 
0.3297E-01 
97.823 C 

651.410 Ib-mole/hr 

420.800 Ib-mole/hr 


Y(I) 

O. 1902E-11 
0. 7930E-05 
0. 3828E-01 
0.9260E+00 
0.3576E-01 
98.277 C 

651.410 Ib-mole/hr 
420.300 Ib-mole/hr 


Yil) 

0.8082E-13 
0.2516E-05 
0.2582E-01 
0.9312E+00 
0.4301E-01 
98.853 C 

651.410 Ib-mole/hr 

420.800 Ib-mole/hr 


Yd) 

0.3364E-14 
O. 7343E-06 
O. 1579E-01 
O. 9213E+00 
0.6288E-01 
99.895 C 

651.410 lb— mole/hr 

420.800 lb— mole/hr 
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APPENDIX A3 FACTORS USED IN ESTIMATION OF CAPITAL INVESTMENT FOR PLANT 


Preliminary cost analysis should be performed early in a project before 
sizeable funds are expended on the venture. Early cost analysis can help 
prevent the waste of funds on losing causes. If the cost analysis results 
are unfavorable with product cost exceeding sales price of the product, then 
the project may be abandoned without the expenditure of additional funds. 

If the cost analysis results are favorable with the sales price greatly 
exceeding product cost, then the project may be continued or even expanded. 

The capital investment required for the plant is important in the cost 
analysis cf a project. 

The plant investment cost is determined from the cost of the major 
process equipment required in the plant. This includes the purchase and 
installation of all major process equipment along with instrumentation, 
electrical, piping, buildings, utilities, fire protection, etc.; plus indirect 
costs such as engineering and overhead- For initial studies, overall 
contingency may be added. The total plant investment including fixed capital 
and working capital is determined next- Working capital investment is often 
estimated at 15% of fixed capital in initial investigations. It may also be 
determined from preliminary plant design. 

The factors for estimation of plant investment are given in Table A3-1 
for fluids processing. The plant investment cost is based on published 
plant cost data from a variety of sources and processes (Ref. 1,2, 3, 4, 6, 7, 

8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 1's, 19, 20, 22, 25, 26, 30, 32, 37, 38, 39, 40, 43, 44, 46, 47, 
48,50,32,53,54,55,56,57,58 and 59). 
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ORIGINAL PAGE IS 
TABLE A3-1 OF POOR QUALITY 

FACTORS FOR ESTIMATION OF PLMUT INVE8TNENT 


lOYgftfegtPi 


1. DIRECT PLANT INVESTMENT COSTS 

1. Hajor process equipeent cost 100.0 

2. Installation of eajor process equipeent 43.0 

3. Processpiping, Installed 74.0 

4. Instrumentation, Installed 19.0 

5. Electrical, Installed 10.0 

6. Process building. Installed 10.0 

la. SUBTOTAL FOR DIRECT PLANT INVE8THENT COSTS 25S.O 

(PRIMARILY BATTERY LIMIT FACILITIES) 

2. OTHER DIRECT PLANT INVESTMENT COSTS 

1. Utilities, Installed 48.0 

2. General service. Site devel o p se n t, 12.0 

Fire protection, etc. 

3. General buildings. Offices, Shops, etc 14.0 

4. Receving, Shipping facilities 21.0 

2«. SUBTOTAL FOR OTHER DIRECT PLANT INVESTMENT COST 95.0 

(PRIMARILY OFFSET FACILITIES) 

3. TOTAL DIRECT INVESTMENT COSTS, la-*-2a 351.0 

4. INDIRECT PLANT INVESTMENT COSTS 

1. Engineering, Overhead, etc 55.0 

2. Noreal Cent, for Floods, strikes, etc 71.0 

4a. TOTAL INDIRECT INVESTMENT COST 126.0 

5. TOTAL DIRECT AND INDIRECT 477.0 

INVESTMENT COST, 3+4a 


6. OVERALL CONTINGENCY 

7. FIXED CAPITAL INVESTMENT FOR PLANT 5+6 
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APPENDIX A4 FACTORS USED IN ESTIMATION OF TOTAL PRODUCT COST 


The estimation of total product cost is important in the cost analysis 
of a project. 

The factors for estimation of total product are give:* in Table A4-1. 

The factors shown are intermediate values selected from published cost data 
on a variety of products. The typical vaJues are useful in initial cost 
analysis (Ref. 2,3,4,5,6,7,8,10,12,13,20,21,26,27,28,29,31,32,33,34,38, 
41,42,43,44,47,49,50,55,56 and 57 of Appendix A4). 

In the table, direct manufacturing costs are covered in item 1. The 
first several subitems (1.1, 12, and 1.3) — raw materials, direct operating 
labor and utilities — depend on the process technology and evolve from the 
preliminary process design. For example, one process may only require one 
or two feed raw materials for production of the product. Another process may 
require three or more feed raw materials for the silicon production. The 
raw material requirements, both specific materials and quantities, will be 
different for each process. The preliminary process design provides the raw 
material requirements for the particular process. The operating labor and 
utility requirements also depend on the process. The preliminary process 
design provides the direct operating labor and utility requirements which are 
a function of the processing steps associated with the particular process under 
consideration . 

The additional subitems (1.4 to 1.7) in direct manufacturing cost cover 
supervision (1.4) of personnel operating the production facilities; repair 
and maintenance (1.5) for the upkeep of the facilities; operating supplies 
(1.6); and laboratory work (1.7) for process and quality control. These 
subitems depend on the particular process and may be determined from the 
labor and capital investment requirements of the particular process. 

Item 2 covers the indirect manufacturing costs which are a result of the 
production operation (but not a direct function of). The indirect manufactur- 
ing costs reflect fixed charges which, more or less, remain constant regard- 
less of the production level. Indirect manufacturing costs includes provisions 
for depreciation (2.1) for the fix^d capital investment, local taxes (2.2) on 
the production plant and insurance coverage (2.3) of the plant. 

Plant overhead is included in item 3. This includes costs for holidays, 
vacations, disability pay, pensions, medical services, safety, maintenance 
on roads, sewer service, plant protection, general plant upkeep, etc. In 
general, plant overhead is related to direct labor; supv^rvision and clerical 
a. d maintenance labor. 

Item 4 covers credit for by-products. Some processes do not produce a 
by-product. Other processes m'^v produce one or several by-products. If 
the by-product is saleable, a credit is obtained. If the by-product is 
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not saleable and expenses are incurred in its disposal ^ then a debit will 
result for that by-product. The economics here depend on the nature of 
the by-product associated with the particular process under consideration. 

Item 4a provides the total manufacturing cost. It is equal to the sum 
of direct manufacturing cost (1), indirect manufacturing costs (2)^ plant 
overhead (3) and by-product credit (4). 

The general expanses associated with production of the product are 
covered in item 5. The general expenses includes provisions for administra- 
tion expenses (5.1) for management salaries, legal fees, communications, etc.; 
distribution and sales expenses (5.2) and research and development costs (5.3). 

Item 6 provides the total cost of the product for the particular process 
under consideration. The total product cost is the sum of the direct manu- 
facturing cost (1), indirect manufacturing cost (2), plant overhead (3), 
by-prcduct credit (4) and general expenses (5). 

This method of estimation of total product cost is used widely in the 
chemical industry, particularly in evaluation of the process in the early 
research stage. Its early use aids in the decision making on whether to proceed 
with a process or to drop the process and investigate an alternate process. If 
the total product cost compares favorably with target cost goal (total product 
cost satisfies goal), then additional funding is merited for the process. 
However, if the total product cost does not compare favorably with target cost 
goal (total product cost exceeds goal), then additional funding and further 
investigation of the process is not merited. 
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TABLE A4-1 ORJG'.NAL F.hG 2 liS 

OF POOR QUALITY 

FACTORS FOR ESTIHATION OF PRODUCT COST 


ITEMS 


FACTORS 


1. Direct Manfacturing Cost 
(Direct Charges) 

1. Raw Material 

2. Direct Operating Labor 

3. Utilities 

4. Supervision and Clerical 

5. Maintenance and repairs 

6. Operating Supplies 

7. Laboratory Charges 


fro* prel . design 
■from prel. design 
froa prel. design 
15% oT direct 1 abor 
10% of -fixed capital 
20% of maintenance 
15% of direct labor 


2. Indirect Manfacturing Cost 
(Fixed Charges) 


1. 

Deprec i at i on 

10% 

of 

fixed capital 

2. 

Lacal Taxes 

2% 

of 

fixed capital 

3. 

Insurances 

1% 

of 

fixed capital 

PI ant Overhead 

60% 

of 

labor in dir — 



ect 

labor. Supervise 



ion 

and maintenances 


4. By-Product Credit 


from prel. design 


4a. Total Manfacturing Cost 


1 + 2 + 31-4 


5. General Expenses 

1. Administration 

2. Distribution and Sales 

3. Research and Develo- 
pment 


hX of manf. cost 
6% of manf. cost 
3% of manf. cost 


6. Total Product Cost 


4a +5 



APPENDIX A5 TYPICAL ELECTRICAL POWER COSTS 


Typical Electrical Power Costs: 
Average Cost, Statewide, Industrial 
Power (inills/kwh) 




1077 

1978 

1979 

1980 

1981 

1. 

Arizona 

27.8 

29.9 

32.2 

— 

— 

2. 

Louisiana 

15.4 

17.7 

21.6 

23-27* 

33-38* 

3. 

Michigan 

29.3 

32.9 

35.4 

— 

— 

4. 

Missouri 

24.9 

28.4 

30.9 

— 

— 

5. 

Texas 

21.5 

23.6 

27.3 

33-37* 

40-43* 

6. 

Source 

Ref. 24 

Ref. 23 

Ref. 2.2 

Ref. 20 

Ref. 20 


* Approximate values from bar charts 
Note: 

1. References are given on page 95 

2. Ref. 27 gives a rate range for electrical power of 20-80 mils/kwh 

(Jan, 1979 dollars) 


